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NATIONAL AERQNAU'TTTCS AND SPACE ADMINISTRATION 
FISCAL YEAR 1970 BUDGET REQUEST 

OUTLOOK 

The NASA F Y  1970 Budget a r r e s t s  t h e  s t e a d y  downward t r e n d  

of NASA b u d g e t s  i n  t h e  past  s e v e r a l  y e a r s  and i s  d e s i g n e d  t o  p ro -  

v i d e  NASA wi th  t h e  same total program l e v e l  -En FY 1.970 as I t  w a s  

a l lowed i n  i t s  reduced  F Y  J969 o p e r a t l n g  p l a n s ,  even  though t h e  

a u t h o r i z a t l o n  r e q u e s t  b e f o r e  Congress  shows an a p p a r e n t  d e c r e a s e .  

For  FY 1969,  t h e  t o t a l  a p p r o p r i a t e d  by  Congress  w a s  $3 ,995  

m i l l i o n ,  Under t h e  r e q u l r e m e n t s  of t h e  Revenue and E x p e n d i t u r e  

C o n t r o l  A c t  l a s t  y e a r ,  t h e  P r e s i d e n t  w i t h h e l d  $11'7 m i l l l o n ,  
l e a v i n g  NASA w i t h  a F Y  1969 o p e r a t i n g  p l a n  of $ 3 , 8 7 8  b i l l i o n ,  

i n c l u d i n g  p r o v l s l o n  f o r  t h e  c a v i l  s e r v i c e  pay  i n c r e a s e s  becoming 

e f f e c t i v e  d u r i n g  t h e  y e a r ,  

For  FY 1970 ,  P r e s i d e n t  , J o h n s o n L s  d e c i s i o n  w a s  t o  p r o v i d e  

NASA t h e  same program l e v e l  as i n  t h e  f i n a l  FY 1969 o p e r a t i n g  
p l a n  - -  $ 3 , 8 7 8  m i . l l i o n ,  T h e  $117 milllon w i t h h e l d  i n  F Y  1969 

is "no-yea r  f u n d s "  which c a n  be a p p l i e d  t o  NASA's F Y  1970 re- 

q u i r e m e n t s  w i t h o u t  f u r t h e r  C o n g r e s s l o n a l  a c t i o n ,  Thus ,  t h e  

FY 1970 a u t h o r i z a t i o n  and a p p r o p r l a t l o n  r e q u e s t s  now b e f o r e  

Congress  t o t a l  o n l y  $ 3 , 7 6 1  m i l l i o n ,  $117 m i l l l o n  less t h a n  t h e  

$3 ,878  m i l l i o n  program level t h e  Budget recommends, T h l s  t h e n  

is $3 ,168 ,900 ,000  f o r  R e s e a r c h  and Development ( i n c l u d i n g  t h e  

$117 ,473e000  of t h e  F Y  1969 a p p r o p s i a t l o n ) ;  $58 ,200 ,000  f o r  

C o n s t r u c t i o n  of F a c i l i t r e s ,  and $650,900 000 f o r  Research  and 

Program Management j )  

D r .  Thomas 0 ,  P a l n e w  head of NASA, h a s  c h a r a c t e r i z e d  t h e  

FY 1970 Budget as a "holding" budget  t h a t  p r o v l d e s  f o r  p r o g r e s s ,  

b u t  d e f e r s  c r i t i c a l  and program f u n d i n g  d e c i s i o n s  t o  t h e  Nixon 
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A d m i n i s t r a t i o n .  

NASA's FY 1969 O p e r a t i n g  Budget w a s  $762 m i l l i o n  below 

F Y  1968 and o v e r  one b i l l i o n  d o l l a r s  below F Y  1967. Dur ing  

t h i s  same p e r i o d  t o t a l  n a t i o n w i d e  employment on NASA work de- 

creased from an e a r l i e r  peak of approx ima te ly  420 ,000  t o  

270,000 a t  t h e  end of F Y  1968,  t o  abou t  215,000 a t  t h e  end of 

F Y  1969,  and ,  under  t he  F Y  1970 Budget t o  abou t  190 ,000 .  The 

r e d u c t i o n  of t h e  NASA c i v i l  s e r v i c e  d u r i n g  t h e  same p e r i o d  

p l a c e d  a d i f f i c u l t  bu rden  on i t s  program management, coming 

d u r i n g  t h e  p e r i o d  of i n t e n s e  p r e p a r a t i o n s  t o  s u p p o r t  t h e  heavy 

s c h e d u l e  f o r  manned s p a c e  f l i g h t .  

I t  has  n o t  been  e a s y  t o  m a i n t a i n  a s t r o n g  f o r w a r d - t h r u s t i n g  

program under  t h e s e  c o n d i t i o n s  and t h e  problem has  been  com- 

pounded by t h e  u n c e r t a i n t i e s  on t h e  f u n d i n g  l e v e l  and f u t u r e  g o a l s  

of  t h e  program. 

I n  r e c e n t  y e a r s ,  t h e  b u d g e t s  s u b m i t t e d  by the  P r e s i d e n t  and 

t h e  f u n d i n g  l e v e l s  f i n a l l y  approved have  r e q u i r e d  de fe r r a l  wher- 

e v e r  p o s s i b l e  of programs p o i n t e d  a t  major  new o b j e c t i v e s .  To 

m a i n t a i n  some momentum and p r e s e r v e  i m p o r t a n t  o p t i o n s ,  NASA had 

t o  t a k e  uneconomical  a c t i o n s  t o  d e f e r  programs,  c u r t a i l  s cope  

and v a l u e  of p r o j e c t s ,  s t r e t c h - o u t  s c h e d u l e s ,  and r e d u c e  p l a n n i n g  

and p r e l i m i n a r y  d e s i g n  and development  work on f u t u r e  programs. 

V i r t u a l l y  a l l  of  t h e  $3,878 m i l l i o n  r e q u e s t e d  f o r  F Y  1970 i s  

r e q u i r e d  f o r  t h e  n e c e s s a r y  c o s t s  of c o n t i n u i n g  i n  F Y  1970 p r o j e c t s  

and programs approved and begun i n  p r e v i o u s  y e a r s .  These i n c l u d e  

t h e  Apol lo  program, t h e  l i m i t e d  Apol lo  A p p l i c a t i o n s  program which 

NASA f i n a l l y  w a s  able t o  u n d e r t a k e  w i t h i n  i t s  reduced  FY 1969 

o p e r a t i n g  p l a n ,  t h e  Ti tan-Mars  1973 program - now c a l l e d  "Viking" - 
which w a s  a l s o  approved l a s t  y e a r ,  and o t h e r  lesser programs. 
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NEW RESEARCH AND DEVELOPMENT PROGRAMS AND PROJECTS 

To carry forward previously approved programs in FY 1970 
will require about $3.8 billion, The remainder of NASA's re- 
quest, about $70 million, is for prev-Lously anticipated extensions 
of some of its continuing space science and applications programs, 
such as a Mariner-Mercury 1973 mission and the synchronous 
meteorological satellite, and for starting three principal new 
programs or major developments They are: 

1. The Earth Resources Technology Satellite Proqram - 
NASA has secured approval in this budget to move ahead with the 
actual development of experimental Earth Resources Technology 
Satellites now designated ERTS A and B. If this budget recommen- 
dation 1s approved by the Congress, NASA will be able to begin 
satellite testing of multi-spectral television systems which 
will enable experimenters in the several government agencles 
and universities cooperating in our program to assess experimentally 
the value of space-collected data in the study and understanding 
of a variety of earth resources. For many years NASA and the 
Departments of Interior, Agriculture, Commerce and other agencies 
have been enthusiastic about the great potential value of data 
that can be collected from space, 

Hitherto, NASA has been limited by budgetary constraints to 
experimentation on the ground and from aircraft, sensor develop- 
ment, and studies of satellite systems. This work has progressed 
to the point where NASA is now ready, if this budget recommenda- 
tion is approved, to carry out work from space whrch w l l l  enable 
it and the cooperating "user" agencies to assess with hard ex- 
perimental evidence the utility of earth resource data collected 
by satellites and begin to develop plans and systems for utilizing 
such data i n  their operations, ERTS A and B correspond to the 
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f i r s t  e x p e r i m e n t a l  m e t e o r o l o g l c a l  s a t e l l i t e s  and shou ld  have  

t h e  same r e v o l u t i o n a r y  impact  on t h e  many d i s c i p l i n e s  i n  t h e  

e a r t h  r e s o u r c e  f i e l d  as t h e  o r i g i n a l  T I R O S  expe r imen t s  had i n  

t h e  f i e l d  of meteoro logy  and weather f o r e c a s t l n g .  

2 ,  NERVA F l i q h t  Weiqht Enqine Development - A reduced  

budge t  l e v e l  f o r  F Y  1969 p r e v e n t e d  NASA from b e g i n n i n g  develop-  

ment of t h e  NERVA f l i g h t  we igh t  n u c l e a r  e n g i n e .  I n i t i a t i o n  of 

t h i s  development  has  now been  approved i n  t h e  F Y  1970 Budget.  

By t h e  end of  F Y  1969,  P a i n e  s a y s  NASA w i l l  have  r eached  t h e  p o i n t  

beyond which i t  would be imprac t ica l ,  f rom a t e c h n i c a l  o r  pro-  

gram s t a n d p o i n t ,  t o  proceed  w i t h  f u r t h e r  p r e l i m i n a r y  development  

and tes t  work on t h e  NERVA e n g i n e  w i t h o u t  a c lear  d e c i s i o n  t o  

proceed  w l t h  a c t u a l  development  of t h e  f l i g h t .  we igh t  e n g i n e .  

T h i s  i s  NASA's l o n g e s t - t e r m  f u t u r e  major  t e c h n o l o g i c a l  development  

e f f o r t  I 

3 ,  P l a n e t a r y  E x p l o r e r s  - The t h i r d  new program i n  t h e  F Y  1970 

Budget c a l l s  f o r  t h e  s t a r t  of a series of s m a l l  " p l a n e t a r y  ex- 

p l o r e r s . 8 '  On f l i g h t s  t o  Venus s t a r t i n g  i n  1972 and l a t e r  t o  Mars, 

t h e y  w i l l  supplement  t h e  more d e t a i l e d  and comprehensive d a t a  

gathered by NASAns larger  and more c o s t l y  M a r l n e r - c l a s s  m i s s i o n s .  

NASA f e e l s  t h a t  i n  t h e  f i e l d  of p l a n e t a r y  e x p l o r a t i o n ,  as i n  t h e  

s c i e n t i f i c  e x p l o r a t i o n  of s p a c e  around t h e  e a r t h ,  t h e  g r e a t e s t  

p r o g r e s s  c a n  be made a t  t h e  l e a s t  c o s t  t h rough  a b a l a n c e  of s m a l l  

r e l a t i v e l y  u n s o p h i s t i c a t e d  s a t e l l i t e s  and l a r g e r  more e x p e n s i v e  

s p a c e c r a f t  w i t h  s e n s o r s  and i n s t r u m e n t s  embodying t h e  most ad- 

vanced t echno logy  a v a i l a b l e ,  

I n  a l l  o t h e r  r e s p e c t s ,  t h e  F Y  1970 Budget m u s t  be r e g a r d e d  

as a " h o l d i n g "  budget  which d o e s  n o t  se t  and s u p p o r t  new g o a l s  

f o r  t h e  na t ionOs  space program to replace t h o s e  ach ieved  o r  

which t h e  n a t i o n  i s  now c l o s e  t o  a c h i e v i n g  i n  t h e  f i r s t  decade  

- 8 -  



o f  space 

T h i s  is e s p e c i a l l y  t r u e  i n  t h e  area o f  manned s p a c e  f l i g h t .  

NASA has  f e l t  and e x p r e s s e d  t h e  need f o r  s e v e r a l  y e a r s  now f o r  

c lear  d e c i s i o n s  and s u p p o r t  f o r  f u t u r e  manned s p a c e  f l i g h t  ob- 

j e c t i v e s ,  b e l i e v i n g  t h a t  i t  i s  c lear  t h a t  t h e  f u t u r e  g o a l s  i n  

a ba l anced  manned space flight program l i e  i n  two d i r e c t i o n s :  

One, c o n t i n u e d  e x p l o r a t i o n  of t h e  moon; and two i n  t h e  develop-  

ment and u t i l i z a t i o n  of a permanent  manned space s t a t i o n  i n  ea r th  

o r b i t .  

I n  h i s  d e c i s i o n s  on t h e  NASA F Y  1970 Budget ,  P r e s i d e n t  John- 

s o n  s p e c i f i c a l l y  deferred t o  P r e s i d e n t  N i x o n ’ s  A d m i n i s t r a t i o n  

d e c i s i o n s  on b o t h  of t h e s e  g o a l s  and on t h e  i n i t i a t i o n  o f  new 

programs t o  work toward t h e m .  Under t h e  F Y  1 9 7 0  Budget b e f o r e  

Congres s ,  lit w i l l  be NASAns t a s k  t o  p roceed  w i t h  s t u d i e s  of 

p o s s i b l e  f u t u r e  programs and t o  do e v e r y t h i n g  i t  c a n  t o  p r e s e r v e  

u n t i l  F Y  1971 effective o p t i o n s  t o  p roceed  I n  e i t h e r  o r  b o t h  of 

t h e s e  d i r e c t i o n s .  

I n  manned s p a c e  f l i g h t  t h e  F Y  1970 Budget p r o v i d e s  f o r  c o n t i n u -  

i n g  t h e  Apol lo  program a t  a d e c r e a s i n g  l e v e l  and f o r  c o n t i n u i n g  

work toward t h e  s i n g l e  se t  of f l i g h t s  of t h e  S a t u r n  I Workshop 

and Apo l lo  t e l e s c o p e  mount now schedu led  f o r  1 9 7 1  and  1972, 
Beyond t h a t ,  it p r o v i d e s  o n l y  f u n d s  f o r  s t u d y  - $11 m i l l i o n  f o r  

s t u d i e s  of equipment  r e q u i r e d  f o r  f u t u r e  e x p l o r a t l o n  of t h e  moon 

and $9 m i l l i o n  f o r  s t u d i e s  and r e l a t e d  p r e l i m l n a r y  work I n  t h e  

e a r t h - o r b 1  t a l  space s t a t i o n  f i e l d .  

NASA fee ls  t h a t  it 1s now a b u n d a n t l y  c lear  t h a t  t h e  S o v i e t s  

are p r o c e e d i n g  i n  manned s p a c e  f l i g h t  programs directed b o t h  a t  

s e n d i n g  men t o  t h e  moon and a t  s u b s t a n t i a l l y  en larged  and ex -  

t ended  manned o p e r a t i o n s  i n  e a r t h  o r b i t .  I n  t h e i r  p l a n e t a r y  pro-  

gram, t h e  S o v i e t s  have  launched  two spacecraft  t o  Venus whlch 

t h e y  s a y  are i n t e n d e d  t o  s o f t - l a n d  i n s t r u m e n t s  on Venus much im- 
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proved o v e r  t h o s e  t h e y  l anded  w i t h  Venera 4 l a s t .  y e a r ,  I n  

o t h e r  c a t e g o r i e s  of s p a c e  and a e r o n a u t i c s ,  t h e i r  program c o n t i n u e s  

t o  be a c t i v e  and t h e i r  e n t i r e  e f f o r t  a p p a r e n t l y  is r e c e i v i n g  a 

c o n t i n u i n g  h i g h  l e v e l  of s u p p o r t .  

A s  i n d i c a t i o n s  of f u t u r e  S o v i e t  d i r e c t i o n  and pace  become 

clearer  and as t h i s  n a t i o n  approaches  t h e  f i r s t  manned Apol lo  

l u n a r  l a n d i n g ,  NASA f e e l s  it i s  c l e a r l y  a p p r o p r i a t e  f o r  t he  new 

A d m i n i s t r a t i o n  and t h e  Congress  t o  take a f r e s h  look a t  long-term 

U . S ,  g o a l s  i n  space. 
P r e s i d e n t  Nixon has  asked P a i n e ,  t h e  new A d m i n i s t r a t o r  of  

NASA, t h e  S e c r e t a r y  of Defense ,  and t h e  P r e s i d e n t h s  S c i e n c e  

A d v i s e r ,  each t o  d e v e l o p  proposed p l a n s  on t h e  d i r e c t i o n  t h e  U . S .  

s p a c e  program s h o u l d  take i n  t h e  pos t -Apo l lo  p e r i o d  and t o  m e e t  

t o g e t h e r  as a Task Group under  t h e  Chai rmanship  of t h e  V i c e  P r e s i -  

d e n t ,  t o  p r e p a r e  f o r  t h e  P r e s i d e n t  a c o o r d i n a t e d  program p r o p o s a l .  

From t h i s  p r o c e s s  c o u l d  come f i r m  d e c i s i o n s  f o r  a f u t u r e  long-range  

program i n  s p a c e  and a e r o n a u t i c s .  

N A S A ' s  P a i n e  fee l s  major  program g o a l s  f o r  t h e  n e x t  t e n  

y e a r s  shou ld  i n c l u d e :  

TEN YEAR GOALS 

F i r s t  - W e  shou ld  do a l l  w e  can  t o  u n d e r s t a n d  and p u t  t o  

e a r l y  u s e  t h e  promise  of s p a c e  f o r  p e o p l e  here  on e a r t h ,  W e  

s h o u l d  i n c r e a s e  o u r  s c i e n t i f  i c  knowledge of t h e  e a r t h - s u n  re la-  

t i o n s h i p  and s t u d y  t h e  e a r t h  i t s e l f  from s p a c e .  W e  shou ld  d e v e l o p  

and expe r imen t  w i t h  new and improved p r a c t i c a l  a p p l i c a t i o n s  of 

s a t e l l i t e s  p a r t i c u l a r l y  i n  e a r t h  r e s o u r c e s  W e  shou ld  c o n t i n u e  

t o  f o s t e r  prompt i n t r o d u c t i o n  i n t o  t h e  economy of s p a c e  a p p l i c a -  

t i o n s  and t echno logy .  

Second - W e  s h o u l d  f o l l o w  up t h e  f i rs t  Apol lo  l a n d i n g  w i t h  

a sound program of  manned l u n a r  e x p l o r a t i o n ,  

T h i r d  - W e  s h o u l d  proceed  w i t h  t h e  development  and e x p e r i -  

- 10 - 



menta l  o p e r a t i o n  of a permanent  U . S .  s p a c e  s t a t i o n  i n  ea r th  

o r b i t  a 

F o u r t h  - W e  s h o u l d  move o u t  s t e a d i l y  i n  t h e  e x p l o r a t i o n  of 

d e e p e r  space, e x p l o r i n g  t h e  p l a n e t s  w i t h  unmanned p r o b e s  and t h e  

s u n ,  s t a r s ,  and g a l a x i e s  from o r b i t a l  o b s e r v a t o r i e s  o u t s i d e  t h e  

atmosphere.  

F i f t h  - W e  s h o u l d  p r o v i d e  t h e  t echno logy  f o r  d e v e l o p i n g  t h e  

f u l l  p o t e n t i a l  of U . S .  c i v i l  and m i l i t a r y  a e r o n a u t i c s ,  and 

S i x t h  - W e  shou ld  m a i n t a i n  a s t r o n g  momentum of broad  

t e c h n o l o g i c a l  advance i n  a l l  a e r o s p a c e  d i s c i p l i n e s  e 

- 11 - 



NATIONAL AERONAUTICS A N D  S P A C E  ADMINISTRATION 

F I S C A L  YEAR 1970 BUDGET REQUEST 

SUMMARY OF A P P R O P R I A T I O N S  

A p p r o p r i a t i o n  

( I n  thousands of d o l l a r s )  

P.L.  90-131 P.L.  90-550 
F i s c a l  Y e a r  F i s c a l  Y e a r  F i sca l  Y e a r  

1968 1969 1970 

R e s e a r c h  and D e v e l o p m e n t .  e . . .$3,925,000 $3,370,300 $3,051,427 
C o n s t r u c t i o n  of F a c i l i t i e s .  e e 35,900 21 800 58 200 
R e s e a r c h  and Program Management 628 000 603 I 173 650,900 

TOTAL $4,588,900 $3,995,273 $3,760,527 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 BUDGET REQUEST 

SUMMARY OF BUDGET PLAN 

OFFICE O F  MANNED SPACE FLIGHT PROGRAMS 

(Thousands of d o l l a r s )  
1969 19 70 - - 1968 - 

Research and Development $2,809,230 $2,177,500 $2,007,700 
Apollo . . . . . . . . . . . . 2,556,030 2,025,000 1,651,100 
Space f l i g h t  ope ra t ions .  . . . 253,200 150 , 000 354 , 100 
Advanced miss ions .  . . . . . . --- 2,500 2 , 500 

Cons t ruc t ion  of F a c i l i t i e s  21,340 10,414 14 , 250 
Kennedy Space Center  . . . . 19,342 7,364 12 , 500 
Manned S p a c e c r a f t  Center  . . . 750 1,333 1,750 
Marshal l  Space F l i g h t  Center  . 823 --- --- 
Michoud A s s e m b l y  F a c i l i t y .  . . 425 400 --- 
Various l o c a t i o n s .  . . . . . . --- 1,317 --- 

Research and Proqram Manaqement 315,098 312,028 307,450 
Kennedy Space Center  . . . . 93 , 131 97,669 97,501 
Manned S p a c e c r a f t  C e n t e r  . . . 95 , 737 97,998 97,748 
Marshal l  Space F l i g h t  Center  . 126,2 30 116,361 112,201 

TOTAL, Manned Space F l i g h t  . $3,145,668 $2,499,942 $2,329,400 
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NATIONAL AERONAUTICS AND S P A C E  ADMINISTRATION 

F I S C A L  YEAR 1 9 7 0  BUDGET REQUEST 

SUMMARY OF BUDGET PLAN 

O F F I C E  OF S P A C E  S C I E N C E  AND A P P L I C A T I O N S  PROGRAMS 

O F F I C E  O F  U N I V E R S I T Y  A F F A I R S  PROGRAM 

( T h o u s a n d s  of d o l l a r s )  
1 9 7 0  - 1 9 6 9  - 1 9 6 8  

$438,416 $558,800 

1 1 9  , 600 
Lunar and p l ane ta ry  

exp lo ra t ion  . . . . . . . .  147,500 8 1  , 800  1 4 6  , 800 
4 1  , 800  32 , 700 32 , 400 B i o s c i e n c e .  . . . . . . . . .  

Space app l i ca t ions .  9 9  , 500  98 ,600  1 3 5  , 800  
100 , 200 1 2 4  , 200 Launch v e h i c l e  procurement .  . 124 ,550  

R e s e a r c h  and D e v e l o p m e n t  $552,850 

1 2 5  , 1 1 6  P h y s i c s  and astronomy . . . .  139 ,500  

. . . . .  

C o n s t r u c t i o n  of F a c i l i t i e s  3,595 1 , 9 2 5  1,595 

G o d d a r d  Space F l i g h t  C e n t e r  . 565 --- 670  
John F. K e n n e d y  Space C e n t e r ,  

Wallops S t a t i o n  . . . . . . .  740 275 500  
V a r i o u s  l o c a t i o n s  . . . . . .  --- --- 4 2 5  

1 , 6 5 0  --- NASA. . . . . . . . . . . .  2 , 290 

R e s e a r c h  and P r o q r a m  M a n a q e m e n t  77 ,073  82 ,510  88 ,053 

Goddard Space F l i g h t  C e n t e r  . 6 8  , 305. 73 ,490 79 , 0 2 4  
Wallops S t a t i o n  . . . . . . .  8,768  9 , 0 2 0  9 ,029  

TOTAL,  Space Science and 
A p p l i c a t i o n s  $633 ,518  $ 5 2 2 , 8 5 1  $648  , 448 

( U N I V E R S I T Y  A F F A I R S  PROGRAM) 

R e s e a r c h  and D e v e l o p m e n t  

S u s t a i n i n g  U n i v e r s i t y  
program . . . . . . . . . .  $ 10 ,000  $ 9,000 $ 9,000 
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NATIONAL AERONAUTICS AND S P A C E  ADMINISTRATION 

F I S C A L  YEAR 1970 BUDGET REQUEST 

SUMMARY OF BUDGET PLAN 

O F F I C E  OF ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS 

O F F I C E  O F  TRACKING AND DATA A C Q U I S I T I O N  PROGRAMS 

O F F I C E  OF TECHNOLOGY U T I L I Z A T I O N  PROGRAM 

( T h o u s a n d s  of d o l l a r s )  

ADVANCED RESEARCH AND TECHNOLOGY 
PROGRAMS AND P R O J E C T S  

R e s e a r c h  and D e v e l o p m e n t  

B a s i c  research . . . . . . . . 
Space veh ic l e  sys t ems .  . . . . 
E l e c t r o n i c s  systems. . . . . . 
H u m a n  f a c t o r  sys t ems  . . . . . 
Space power and e l e c t r i c  

p r o p u l s i o n  sys t ems  . . . . . 
N u c l e a r  r ocke t s .  . . . . . . . 
C h e m i c a l  p r o p u l s i o n .  . . . . . 
A e r o n a u t i c a l  v e h i c l e s .  . . . . 

$315,022 
21,465 
34 , 100 
38,057 
19 , 828 

43 , 735 
54 , 000 
37,037 
66 , 800 

C o n s t r u c t i o n  of F a c i l i t i e s  5 , 285 
A m e s  R e s e a r c h  C e n t e r  . . . . . 3,170 
E l e c t r o n i c s  R e s e a r c h  C e n t e r .  . --- 
Lang ley  R e s e a r c h  C e n t e r .  . . . --- 
L e w i s  R e s e a r c h  C e n t e r .  . . . . 2 , 115 

R e s e a r c h  and Program Management 189,059 
A m e s  R e s e a r c h  C e n t e r  . . . . . 33,781 
E l e c t r o n i c s  R e s e a r c h  C e n t e r .  . 1 5 , 3 5 2  
F l i g h t  R e s e a r c h  C e n t e r  . . . . 9,469 
L a n g l e y  R e s e a r c h  C e n t e r .  . . . 62,213 
L e w i s  R e s e a r c h  C e n t e r .  . . . . 66,222 
Space Nuc lea r  P r o p u l s i o n  

O f f i c e  . . . . . . . . . . . 2,022 

TOTAL A d v a n c e d  R e s e a r c h  
and T e c h n o l o g y .  . . . $509,366 

1969 

$285,171 

31 , 700 
34 , 771 
19 , 700 

21,000 

42 I 200 
32 , 000 
28 , 900 
74,900 

386 

386 

--- 

193 , 924 
34,036 
17,237 
9 , 680 
62 , 947 
67,845 

2,179 

$479,481 

19 70 

$290,400 
21,400 
30,000 
35,000 
23,600 

39,900 
36 , 500 
25,100 
78 , 900 

12,855 
--- 

8 , 088 
4,767 

--- 

195,600 
34 , 050 
18 I 566 
9,615 

63 , 308 
68,061 

2,000 

$498,855 
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(Thousands of d o l l a r s )  
1 9 6 8  1 9 6 9  1 9 7 0  

TRACKING AND DATA ACQUISITION 
PROGRAMS AND PROJECTS 

Research  and Development 

Track ing  and d a t a  a c q u i s i t i o n .  

C o n s t r u c t i o n  of F a c i l i t i e s  

J e t  P r o p u l s i o n  Labora to ry .  
Var ious  L o c a t i o n s .  . . . . 

TOTAL, T r a c k i n g  and D a t a  
A c q u i s i t i o n  . . . 

TECHNOLOGY U T I L I Z A T I O N  

Research  and Development 

$275,850 

1 ,930  

1 , 9 3 0  

$277,780 

$ 4,000 

$ 2  79,672 

21 ,975 

21,975 

$301 ,647  

$298,000 

1 7 . 0 0 0  

1 7 , 0 0 0  

$315,000 

$ 3 ,800 $ 5 ,000 
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NATIONAL AERONAUTICS AND S P A C E  ADMINISTRATION 

F I S C A L  YEAR 1970 BUDGET REQUEST 

NUMBER O F  PERSONNEL P O S I T I O N S  

F i s c a l  Y e a r  F i s c a l  Y e a r  F i s c a l  Y e a r  
1968 1969 19 70 

MANNED S P A C E  F L I G H T  13,961 1 3  , 285 13,035 
John F. K e n n e d y  Space 

C e n t e r ,  NASA 2,917 2,921 2 , 881 
Manned Spacecraf t  C e n t e r  . . 4 , 604 4,383 4,303 
M a r s h a l l  Space F l i g h t  

C e n t e r  . . . . . . . . . .  6,440 5 , 981 5,851 

. . . . . . .  

SPACE S C I E N C E  AND A P P L I C A T I O N S  4,316 4,731 4,900 

G o d d a r d  Space F l i g h t  C e n t e r .  3 , 822 . . . . . .  Wallops S t a t i o n .  494 

ADVANCED RESEARCH AND TECHNOLOGY 12,040 
A m e s  R e s e a r c h  C e n t e r  . . . .  2,083 
E l e c t r o n i c s  R e s e a r c h  C e n t e r .  794 
F l i g h t  R e s e a r c h  C e n t e r  . . .  566 
Langley  R e s e a r c h  C e n t e r .  . .  4,037 
L e w i s  R e s e a r c h  C e n t e r .  . . .  4,452 
Space Nuc lea r  P r o p u l s i o n  

O f f i c e  . . . . . . . . . .  108 

SUPPORTING OPERATIONS 

4,243 
488 

11,577 
1,974 
844 
5 39 

3,885 
4,235 

100 

4,412 
488 

11 , 533 
1,956 
900 
534 

3,849 
4,195 

99 

NASA H e a d q u a r t e r s .  . . . . .  2,154 2,152 2,132 

TOTAL PERMANENT P O S I T I O N S .  32,471 31,745 71 , 600 

P O S I T I O N S  OTHER THAN 
PERMANENT. 2,170 . . . . . .  2,193 2,193 

TOTAL P O S I T I O N S .  . . . . .  34,641 33,938 33,793 
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NATIONAL AERONAUTICS AND S P A C E  ADMINISTRATION 

F I S C A L  YEAR 1970 BUDGET REQUEST 

SUMMARY O F  RESEARCH AND DEVELOPMENT BUDGET PLAN 

BY PROGRAM BY COGNIZANT O F F I C E  

( I n  t housands  of d o l l a r s )  

OFFICE/PROGRAM 

MANNED S P A C E  F L I G H T  . . . . . . .  
A p o l l o .  . . . . . . . . . . . .  
A d v a n c e d  m i s s i o n s  . . . . . . .  Space f l i g h t  ope ra t ions  . . . .  

S P A C E  S C I E N C E  AND A P P L I C A T I O N S .  . 
P h y s i c s  and astronomy . . . . .  
Lunar and p l a n e t a r y  

e x p l o r a t i o n  . . . . . . . . .  
B i o s c i e n c e .  . . . . . . . . . .  
Space app l i ca t ions .  . . . . . .  

*Launch veh ic l e  procurement. . .  
UNIVERS I T Y  A F F A I R S  

S u s t a i n i n g  u n i v e r s i t y  program . 
ADVANCED RESEARCH AND TECHNOLOGY. 

B a s i c  research. . . . . . . . .  
Space v e h i c l e  sys t ems  . . . . .  
E l e c t r o n i c s  s y s t e m s  . . . . . .  
H u m a n  f a c t o r  systems.  . . . . .  
Space power and e l e c t r i c  

N u c l e a r  rocke ts  . . . . . . . .  
C h e m i c a l  p r o p u l s i o n  . . . . . .  
A e r o n a u t i c a l  v e h i c l e s  . . . . .  

TRACKING AND DATA A C Q U I S I T I O N  . . 

propu l s ion  systems. . . . . .  

TECHNOLOGY U T I L I  ZAT I O N .  

TOTAL BUDGET PLAN . . . . . .  

F i s c a l  Y e a r  
1968 

Fisca l  Y e a r  F i sca l  Y e a r  
1969 19 70 

$2,809,230 $2,177,500 $2,007,700 
2,556,030 2.025.000 1,651,100 

253,200 
--- 

' 150 000 .354;100** 
2 , 500 2 , 500 

552,850 438,416 558,800 
139 , 500 125 , 116 119,600 

147 , 500 81 , 800 146 , 800 
41,800 32,700 32 , 400 
99 , 500 98 , 600 135,800 
124,550 100,200 124,200 

10,000 9,000 9,000 

315,022 285,171 290,400 
21,465 21,000 21,400 
34; 100 31; 700 30 , 000 
38,057 34 , 771 35 , 000 
19 , 828 19 , 700 23,600 

43 , 735 42 , 200 39 , 900 
54,000 32 , 000 36 , 500 
37,037 28 , 900 25,100 
66,800 74,900 78 , 900 
275,850 279,672 298,000 
4,000 3,800 5,000 

$3,966,952 $3,193,559 $3,168,900** 

*Funds f o r  t h e  procurement of l aunch  v e h i c l e s  are s t a t i s t i c a l l y  d i s -  
t r i b u t e d  t o  unmanned f l i g h t  programs (e .g . ,  P h y s i c s  and A s t r o n o m y ,  
Space V e h i c l e  S y s t e m s ) .  
* * I n c l u d e s  a p p l i c a t i o n  of $117,473 which has  been reserved from 
apportionment p u r s u a n t  t o  t h e  R e v e n u e  and E x p e n d i t u r e  C o n t r o l  A c t  of 
1968 (Pub.  L .  90-364, 82 S t a t .  251). 
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NATIONAL AERONAUTICS AND S P A C E  ADMINISTRATION 

F I S C A L  YEAR 1 9 7 0  BUDGET REQUEST 

SUMMARY O F  CONSTRUCTION O F  F A C I L I T I E S  BUDGET PLAN BY LOCATION 

L o c a t i o n  

A m e s  R e s e a r c h  C e n t e r  . . . . . .  
E l e c t r o n i c s  R e s e a r c h  C e n t e r .  . .  
G o d d a r d  Space F l i g h t  C e n t e r .  . .  
Je t  P ropu l s ion  Laboratory.  . . .  

N A S A . .  . . . . . . . . . . .  
Langley R e s e a r c h  C e n t e r .  . . . .  
L e w i s  R e s e a r c h  C e n t e r .  . . . . .  
Manned Spacecraft C e n t e r  . . . .  
Marshall  Space F l i g h t  C e n t e r  . . 
Michoud A s s e m b l y  F a c i l i t y .  . . .  
Wallops S t a t i o n .  . . . . . . . .  
V a r i o u s  Loca t ions .  . . . . . . .  
F a c i l i t y  P l a n n i n g  and D e s i g n  . . 

John F. K e n n e d y  Space C e n t e r  , 

TOTAL . . . . . . . . . . .  

F i s c a l  Y e a r  
1 9 6 8  

$ 3 , 1 7 0  --- 
5 6 5  

1,930 

2 1 , 6 3 2  --- 
2 , 1 1 5  

750  

4 2 5  
740  

1 , 3 5 5  

8 2 3  

--- 

$ 3 3 , 5 0 5  

F i s c a l  Y e a r  
1 9 6 9  

--- 
400 
2 75  

2 3 , 2 9 2  
1,000 

$ 3 5 , 7 0 0  

Fiscal  Y e a r  
19 70 

$ --- 

6 70  
a , oaa 

--- 

1 2  , 5 0 0  
4 , 767  

1 , 750  
--- 

--- 
5 0 0  

2 6 , 4 2 5  
3 , 5 0 0  

$ 5 8  I 200 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 BUDGET REQUEST 

NEW RESEARCH AND DEVELOPMENT PROJECTS 

The f i s c a l  y e a r  1970 budge t  estimates c o n t a i n  $ 5 6 , 2 0 0 , 0 0 0  

f o r  t h e  f o l l o w i n g  p r o j e c t s :  

Lunar  and P l a n e t a r y  E x p l o r a t i o n  Program 

Mariner-Mercury 1973 . a . . . . . $ 3 , 0 0 0 , 0 0 0  

The o b j e c t i v e s  of  t h e  Mariner-Mercury 1973 m i s s i o n  are t o  

o b t a i n  s c i e n t i f i c  d a t a  on t h e  p l a n e t s  Mercury and Venus from a 
Mar iner  spacecraft as i t  f l i e s  pas t  each p l a n e t .  By u s i n g  a 
g r a v i t a t i o n a l  swingby maneuver a t  Venus, t h e  l aunch  v e h i c l e  

e n e r g y  r e q u i r e d  t o  r e a c h  Mercury i s  reduced  by  a f a c t o r  exceed-  

i n g  3 : l .  A l a u n c h  i n  1973 w i l l  permit t h e  a c q u i s i t i o n  of d a t a  

from two p l a n e t s  by  t h e  same spacecraft d u r i n g  t h e  same f l i g h t .  

R e l a t i v e l y  l i t t l e  is known of Mercury,  t h e  l a s t  t e r r e s t r i a l  p l a n e t  

t o  be e x p l o r e d .  T h e r e f o r e ,  t h i s  m i s s i o n  w i l l  p e r m i t  t h e  f i r s t  
c l o s e - u p  measurements of t h e  p l a n e t ' s  s u r f  ace charac te r i s t ics  and 

p r o p e r t i e s  of i t s  a tmosphere .  Although t h e  e x p e r i m e n t s  will 
emphasize Mercury,  t h e y  w i l l  a l s o  be used t o  c o l l e c t  a d d i t i o n a l  

d a t a  on Venus such  as t h e  a c q u i s i t i o n  of t e l e v i s i o n  p i c t u r e s  

which have  n o t  been  a t t e m p t e d  on p r e v i o u s  Venus m i s s i o n s .  

The Mar iner  s p a c e c r a f t  f o r  t h e  1973 VenuslMercury m i s s i o n  

w i l l  be based  upon t h e  d e s i g n  of t h e  Mariner-Mars 1969 space -  
c r a f t .  The f u n d s  r e q u e s t e d  f o r  F Y  1970 w i l l  p r o v i d e  f o r  sys tem 

d e s i g n  and l o n g  l e a d  t i m e  deve lopmen t s ,  e s p e c i a l l y  t h e  s c i e n t i f i c  
i n s t r u m e n t s .  

P l a n e t a r y  E x p l o r e r s  . . . . . . , . - I $ 8 , 0 0 0 , 0 0 0  

T h e  P l a n e t a r y  E x p l o r e r  s p a c e c r a f t  i s  a s m a l l ,  r e l a t i v e l y  

-' 29 - 



i n e x p e n s i v e ,  p l a n e t a r y  o r b i t e r  which w i l l  complement t h e  larger  

and more complex Mar iner  spacecraft  ser ies  i n  e x p l o r i n g  Mars 

and Venus and t h e i r  space envi ronments .  I t  w i l l  c a r r y  50 pounds 

of i n s t r u m e n t s  t o  measure b o t h  p l a n e t a r y  and i n t e r p l a n e t a r y  

p a r t i c l e  and f i e l d  env i ronmen t s ,  as w e l l  as f o r  p l a n e t a r y  upper-  

a tmosphere  e x p e r i m e n t s .  A b l o c k  of f j -ve  f l i g h t s  i s  p lanned  t o  

p r o v i d e  f o r  e x p l o r a t i o n  and nea r -con t inuous  o r b i t a l  m o n i t o r i n g  of 
t h e  p l a n e t s  Venus and Mars, w i t h  s i n g l e  l a u n c h e s  t o  Venus i n  

1972,  1973 ,  and 1975 ,  and t o  Mars i n  1973 and 1975 

Funds r e q u e s t e d  f o r  FY 1970 w i l l  be used f o r  t h e  d e t a i l e d  

d e s i g n  of t h e  s p a c e c r a f t  A s t r u c t u r a l  t e s t  model and t h e r m a l  

c o n t r o l  model € o r  t h e  Venus 1972 v e r s i o n  w i l l  a l s o  be b u i l t  and 

tested d u r i n g  t h i s  t i m e  

Space A p p l i c a t i o n s  Program 

Synchronous M e t e o r o l o g i c a l  S a t e l l i t e  (SMS) $3,600 , 000 

T h e  o b j e c t i v e s  of t h e  Synchronous M e t e o r o l o g i c a l  S a t e l l i t e  

(SMS) are  t o :  (1) d e m o n s t r a t e  a p r o t o t y p e  o p e r a t i o n a l  SMS; ( 2 )  

permit c o n t i n u o u s  o b s e r v a t i o n  of major  weather  sys t ems  r o u t i n e l y ,  

t h u s  enhanc ing  t h e  a b i l i t y  t o  p red ic t  and l o c a t e  s e v e r e  s h o r t -  

l i v e d  s t o r m s ;  (3) d e r i v e  i m p o r t a n t  wind f i e l d  d a t a  o v e r  c o n s i d e r -  

a b l y  larger  areas and i n  much l e s s  t i m e  t h a n  h e r e t o f o r e  p o s s i b l e ,  

and ( 4 )  p r o v i d e  c a p a b i l i t y  €or rap id  d i s s e m i n a t i o n  of p r o c e s s e d  

m e t e o r o l o g i c a l  d a t a  t o  l o c a l  m e t e o r o l o g i s t s ,  

F e a s i b i l i t y  and p r o j e c t  d e f i n i t i o n  s t u d i e s  w e r e  completed 

i n  F Y  1968 F Y  1970 f u n d s  are r e q u e s t e d  t o  u n d e r t a k e  t h e  d e s i g n  

and development  of  two SMS s a t e l l i t e s ,  p l anned  € o r  l aunch  i n  1971 

and 1972,  c a p a b l e  of c o n t i n u o u s  weather o b s e r v a t i o n  a n a l y s i s  of 

c l o u d  mot ions  t h r o u g h  o b s e r v a t i o n s  t h a t  w i l l  permit d e r i v a t i o n  of 

i m p o r t a n t  wind f i e l d s ,  and f o r  o b t a i n i n g  o t h e r  s i g n i f i c a n t  meteor-  

o l o g i c a l  d a t a  f rom synchronous  a l t i t u d e .  
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E a r t h  Resources  Technology S a t e l l i t e s  ( E R T S )  . . $14 ,100 ,000  

The o b j e c t i v e s  of t h e  E a r t h  Resources  Technology S a t e l l i t e s  

are t o :  (1) assess t h e  p r a c t i c a l  v a l u e  of remote  s e n s i n g  of 

e a r t h  r e s o u r c e s  from s p a c e ;  ( 2 )  compare t h e  c a p a b i l i t i e s  i n  e a r t h  

r e s o u r c e s  d a t a  a c q u i s i t i o n  of  a s p a c e  sys t em v e r s u s  a i r c r a f t ;  (3) 

d e t e r m i n e  w h e t h e r ,  and i n  what c o n f i g u r a t i o n ,  an o p e r a t i o n a l  

space -  a s s i s t e d  u s e r - o r i e n t e d  e a r t h  r e s o u r c e s  s u r v e y  sys t em shou ld  

be p u r s u e d ’  ( 4 )  d e t e r m i n e  which remote  s e n s o r s  are  most e f f e c t i v e  

f o r  e a r t h  r e s o u r c e s  s u r v e y i n g ;  ( 5 )  d e v e l o p  and improve d a t a  hand l -  

i n g  p r o c e d u r e s ;  and ( 6 )  e n s u r e  f u l l  u n d e r s t a n d i n g  of o p e r a t i o n a l  
s y s t e m  r e q u i r e m e n t s  and c o s t s .  I t  i s  p lanned  t o  d e s i g n ,  d e v e l o p ,  

l aunch  and t e s t  s p a c e c r a f t  c a p a b l e  of c o n d u c t i n g  a v a r i e t y  of 

s e l e c t e d  e x p e r l m e n t s  i n  t h e  e a r t h  r e s o u r c e s  d i s c i p l i n e s .  A 

d e f i n i t i o n  and p r e l i m i n a r y  d e s i g n  s t u d y  is b e i n g  conducted  i n  

F Y  1969. S t a r t i n g  i n  F Y  1970 ,  e f f o r t  w i l l  be i n i t i a t e d  on pro-  

curement  of two s p a c e c r a f t  and a s s o c i a t e d  s e n s o r s  f o r  l aunch  i n  

1971 and 1972. These m i s s i o n s  w i l l  r e s u l t  i n  a major  advancement 
i n  o u r  u n d e r s t a n d i n g  of t h e  o v e r a l l  s u b j e c t  of e a r t h  r e s o u r c e s  

s u r v e y  from s p a c e .  

N u c l e a r  Rockets  Proqram 

NERVA development  e e . 1_ a , $27,500,000 

T h e  o b j e c t i v e  o f  t h i s  j o i n t  NASA-AEC p r o j e c t  i s  t o  p r o v i d e  

a r o c k e t  p r o p u l s i o n  sys t em f o r  a p p l i c a t i o n  t o  advanced o r b i t a l ,  

l u n a r  and p l a n e t a r y  m i s s i o n s .  System a n a l y s i s ,  d e s i g n ,  and de-  

velopment  of t h i s  n u c l e a r  e n g i n e  th rough  p r e - f l i g h t  r a t i n g  tes ts  
i s  p l a n n e d ,  The e n q i n e  w i l l  have  a s p e c i f i c  impu l se  of approxi -  

ma te ly  8 2 5  s e c o n d s ,  a t h r u s t  o f  a p p r o x i m a t e l y  7 5 , 0 0 0  pounds 

(1500 meyawatts r e a c t o r  power)  and w i l l  i n c l u d e  t h e  c a p a b i l i t y  
f o r  m u l t i p l e  c y c l e s  of o p e r a t i o n ,  l o n g  d u r a t i o n  o p e r a t i o n ,  and 
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and high r e l i a b i l i t y .  A n u c l e a r  s t a g e  u s i n g  t h i s  t y p e  of e n g i n e  
would be capable of pe r fo rming  a wide v a r i e t y  of high ene rgy  and 

high payload  s p a c e  m i s s i o n s  beyond the per formance  p o t e n t i a l  of 
chemical r o c k e t s .  

I n i t i a t i o n  of f u l l - s c a l e  development ,  i n c l u d i n g  f i n a l  e n g i n e  

d e s i g n ,  procurement ,  f a b r i c a t i o n  and t e s t i n g  of  component develop-  

ment hardware; procurement  of l o n g  lead i t e m s ;  and t es t  s t a n d  

m o d i f i c a t i o n s  is  p lanned  f o r  F Y  1970. P r e - f l i g h t  r a t i n g  t es t  
comple t ion  i s  p lanned  f o r  mid-ca lendar  y e a r  1977. 
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OFFICE O F  MANNED SPACE FLIGHT 

APOLLO PROGRAM 

From i t s  i n c e p t i o n ,  t h e  Apol lo  program h a s  f o c u s e d  on de- 

v e l o p i n g  and d e m o n s t r a t i n g  a basic n a t i o n a l  c a p a b i l i t y  t o  conduc t  

manned s p a c e  o p e r a t i o n s  around t h e  e a r t h  and moon. and on t h e  

moon, T h e  development  of t h e  Apol lo  s p a c e c r a f t ,  t h e  S a t u r n  l aunch  

v e h i c l e s  and t h e  a s s o c i a t e d  o p e r a t i o n s  b a s e ,  w i t h  t h e  c o n s t r u c -  

t i o n  of t h e  ground f a c i l i t i e s  r e q u i r e d  t o  a c h i e v e  t h i s r  h a s  b r o u g h t  

t o g e t h e r  t h e  l a r g e s t  and most v a r i e d  s c i e n t i f i c  and e n g i n e e r i n g  

t e a m  e v e r  assembled f o r  a p e a c e f u l  program. T h i s  p a r t n e r s h i p  of 

i n d u s t r y ,  u n f v e r s L t l e s ,  and government h a s  advanced t h e  Apo l lo  

program t o  t h e  p o i n t  where t h e  n a t l o n a l  g o a l  of manned l u n a r  land-  

i n g  and r e t u r n  d u r i n g  1969 a p p e a r s  a t t a i n a b l e >  The accomplishment  

of  t h i s  g o a l  s h o u l d  be a d e c i s i v e  d e m o n s t r a t i o n  of t h e  N a t i o n 8 s  

a b i l i t y  t o  c o n d u c t  complex s p a c e  o p e r a t i o n s , a n d  s h o u l d  p r o v i d e  a 

sound f o u n d a t i o n  f o r  a new and i n c r e a s i n g l y  p r o d u c t i v e  e ra  f n  

s p a c e  f l i g h t ,  

S a t u r n / A p o l l o  f l i g h t s  began i n  October  1961  when a S a t u r n  I 

demons t r a t ed  t h e  p r o p u l s i o n  c o n c e p t  of c l u s t e r i n g  l a r g e  l i q u i d  

f u e l e d  e n g i n e s .  Seven y e a r s  l a t e r ,  i n  Oc tobe r  1968,  a f t e r  f i f t e e n  

s u c c e s s f u l  f l i g h t s .  t h e  A p o l l o  p h a s e  of t h e  S a t u r n  I / I B  ser ies  of 

l a u n c h e s  w a s  conc luded  w i t h  t h e  comple t ion  of t h e  Apo l lo  7 m i s s i o n .  

The Apo l lo  5 m i s s i o n ,  u s i n g  a S a t u r n  I B ,  r e s u l t e d  i n  t h e  i n i t i a l  

f l i g h t  t e s t  of t h e  Lunar  Module. T h l s  unmanned t e s t ,  i n  J a n u a r y  

1968,  v e r i f i . e d  t h e  a s c e n t  and d e s c e n t  stage p r o p u l s i o n  s y s t e m s ,  

i n c l u d i n g  r e s t a r t  and t h r o t t l e  o p e r a t i o n s  I and q u a l i f i e d  t h e  Lunar  

Module f o r  manned f l i g h t  t e s t i n g .  

Apo l lo  7 ,  t h e  f i r s t  manned Apol lo  m i s s i o n ,  w a s  l aunched  from 

C a p e  Kennedy on 11 Octobe r  1968 and added a number of  "firsts" 
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t o  t h e  h i s t o r y  of manned s p a c e  f l i g h t ,  I t  w a s  t h e  f i r s t  Amerlcan 
f l i g h t  w i t h  a three-man c r e w  i n  one spacecraf t ,  I t  w a s  t h e  f i r s t  

manned m i s s i o n  where t h e  s p a c e c r a f t  had i t s  own p r o p u l s i o n  s y s t e m ,  

a 20 ,500  pound t h r u s t  e n g i n e ,  f o r  major  maneuvers i n  e a r t h  o r b i t .  

I t  was t h e  f i r s t  manned d e m o n s t r a t i o n  of t h e  spacecraft< and 

ground s u p p o r t  communicat ions sys tem r e q u i r e d  f o r  deep  s p a c e  

o p e r a t i o n s ;  t h e  f i r s t  t e s t  of t h e  t e l e v i s i o n  equipment  p lanned  

f o r  a manned l u n a r  m i s s i o n ;  and t h e  f i rs t  u s e  of an advanced on- 

board  computer capable of c o n t r o l l i n g  t h e  s p a c e c r a f t  ' s  a t t i  t u d e  

and v e l o c i t y .  

T h e  f i r s t  Apo l lo  S a t u r n  V ,  an unmanned development  t e s t  

f l i g h t  d e s i g n a t e d  Apol lo  4 ,  w a s  l aunched  on 9 November 1967. 

Dur ing  t h i s  Apo l lo  4 m i s s i o n ,  t h e  S a t u r n  V v e h i c l e  launched  an 

Apo l lo  Command and S e r v i c e  Module i n t o  a h i g h  e l l i p t i c a l  o r b i t  

t o  t e s t  t h e  sys t ems  and t o  v e r i f y  t h e  h e a t s h i e l d L s  a b i l i t y  t o  

w i t h s t a n d  t h e  i n t e n s e  h e a t  of r e - e n t r y  from l u n a r  d i s t a n c e s ,  

The major  t e s t  o b j e c t i v e s  were a c h i e v e d ,  and t h e  6 m i l l l o n  i n -  

d i v i d u a l  p a r t s  i n  t h e  complex S a t u r n  V per formed r e l i a b l y ,  T h e  

second unmanned f l i g h t  t e s t  of t h e  S a t u r n  V o c c u r r e d  on 4 A p r i l  

1968. Dur ing  t h i s  Apo l lo  6 mLssion,  t h e   POG GO'^ phenomenon 

( l o n g i t u d i n a l  o s c i l l a t i o n s )  d e v e l o p e d ,  c a u s i n g  u n a c c e p t a b l y  h i g h  

stresses i n  t h e  space v e h i c l e .  A d d i t i o n a l l y ,  i g n i t e r  f u e l  l a n e s  

Ln t h e  upper  s tages  r u p t u r e d ,  r e s u l t i n g  i n  a p r e m a t u r e  shutdown 

of  two e n g i n e s  on t h e  second s t age ,  and t h e  f a i l u r e  of  t h e  t h i r d  

s tage  e n g i n e  t o  res ta r t .  D e s p i t e  these d i f f i c u l t i e s ,  t h e  S a t u r n  

V placed t h e  Apo l lo  s p a c e c r a f t  i n t o  o r b i t  around t h e  e a r t h .  T h e  

r e s o l u t i o n  of anomal i e s  t h a t  o c c u r r e d  i n  Apo l lo  6 by a government 

and i n d u s t r y  t a s k  t e a m  under  t h e  direction of t h e  M a r s h a l l  Space  

F l i g h t  C e n t e r  is c o n s i d e r e d  an  o u t s t a n d i n g  t e c h n i c a l  ach ievement .  

The POGO and f u e l  l i n e  r u p t u r e  problems were r e s o l v e d  th rough  an  

e x t e n s i v e  program of f l i g h t  d a t a  a n a l y s i s  I m a t h e m a t i c a l  model ing  
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u s i n g  compute r s ,  and ground t e s t i n g ,  and t h e  S a t u r n  V l aunch  

v e h i c l e  w a s  de t e rmined  t o  be r e a d y  f o r  manned f l i g h t .  

I n  t h e  h i s t o r y  of man, t h e  f l i g h t  of Apol lo  8 w i l l  be 

chronLcled  as t h e  f i rs t  t i m e  man e v e r  e scaped  t h e  bondage of h i s  

p l a n e t ”  f l e w  t o  a n o t h e r  c e l e s t i a l  body and o r b i t e d  around i t ,  

and s a f e l y  r e t u r n e d  t o  ea r th ,  On 2 1  December 1968 ,  t h e  f i r s t  

manned S a t u r n  V launch  v e h i c l e  s e n t  t he  Apol lo  crew of As t ro -  

n a u t s  Borman, Love11 and Anders  i n t o  a c o m p l e t e l y  s u c c e s s f u l  t e n  

o r b i t  m i s s i o n  around the  moon. T h e  l u n a r  o r b i t s  a t  s i x t y  n a u t i c a l  

m i l e s  p rov ided  f u t u r e  Apol lo  crews w i t h  v a l u a b l e  i n f o r m a t i o n  on 

l u n a r  l i g h t i n g ,  l u n a r  f e a t u r e s  and landmarks ,  and conf i rmed man’s  

a b i l i t y  t o  a c q u i r e  r e f e r e n c e  p o i n t s  f o r  g u i d a n c e  p u r p o s e s .  The 

m i s s i o n  test.ed t h e  o p e r a t i o n  of t h e  t r a c k i n g  and communication 
sys t ems  a t  l u n a r  d i s t a n c e s ,  and p rov ided  v a l u a b l e  d a t a  on per- 

t u r b a t i o n s  i n  l u n a r  o r b i t  t h a t  are though t  t o  be t h e  consequence 

of c o n c e n t r a t i o n s  of heavy metals  beneath t h e  l u n a r  s u r f a c e .  The 

i n c o r p o r a t i o n  of these p e r t u r b a t i o n s  i n t o  t h e  c a l c u l a t i o n s  f o r  

rendezvous  and dock ing  d u r i n g  l a t e r  l u n a r  m i s s i o n s  w i l l  be of 

great  a s s i s t a n c e  i n  a s s u r i n g  t h e  s u c c e s s  of t h e s e  maneuvers,  T h e  

f l i g h t  w a s  a d e m o n s t r a t i o n  of t h e  c a p a b i l i t y  of t h e  s p a c e c r a f t  t o  
f u n c t i o n  and s u p p o r t  man i n  t h e  h o s t i l e  envi ronment  of space 

2 3 3 , 0 0 0  m i l e s  f rom t h e  ea r th -  of t h e  a c c u r a c y  of t h e  gu idance  

and n a v i g a t i o n  s y s t e m s :  of i t s  a b i l i t y  t o  maneuver and change 

c o u r s e :  and of t h e  h e a t s h i e l d  s and  spacecraft  s s t r u c t u r e s  

c a p a c l t y  t o  w i t h s t a n d  t h e  f o r c e s  and hea t  a t  t h e  h igh  speed  of 

e a r t h  r e - e n t r y  from l u n a r  d i s t a n c e s ,  

On Apol lo  9 ,  t h e  f o u r t h  S a t u r n  V launched  an Apo l lo  Command 

and S e r v i c e  Module and Lunar  Module i n t o  o r b i t  around t.he e a r t h  t o  

per form t h e  r endezvous  and dock ing  maneuvers t h a t  w i l l  be r e q u i r e d  
f o r  a l a n d i n g  m i s s i o n ,  Fo r  t h e  f i r s t  t i m e ,  t h e  Command and S e r v i c e  

Module docked w i t h  t h e  Lunar Module, and two of t h e  t h r e e  Apol lo  
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p r o p u l s i o n  f u e l s . .  T h e  S e r v i c e  Module c o n t a i n s  t h e  main space-  

c r a f t  p r o p u l s i o n  sys t em providing 2 0 , 5 0 0  pounds of t h r u s t ;  t h e  

r e a c t i o n  c o n t r o l  sys tem f o r  s econdary  p r o p u l s l o n  and maneuvering;  
t h e  e l e c t r i c a l  power sys t em;  and e l e m e n t s  of t h e  communication 

and env i ronmen ta l  c o n t r o l  sys tems.  T h e  Lunar Module 1s a self-  

c o n t a i n e d  v e h i c l e  c o n s i s t i n g  of a d e s c e n t  s tage  and an a s c e n t  

s tage  w i t h  a two-man c a b i n ,  The module s e r v e s  as a base of 

o p e r a t i o n s  on t h e  s u r f a c e  of t h e  moon, Each s tage  is  equipped  

w i t h  i t s  own e n g i n e  - t h e  d e s c e n t  s tage  e n g i n e  p r o v i d e s  t h e  de- 

c e l e r a t i n g  f o r c e  n e c e s s a r y  € o r  a s o f t  l a n d i n g ;  t h e  a s c e n t  s tage  

e n g i n e  l aunches  t h e  two a s t r o n a u t s  up from t h e  s u r f a c e  of t h e  

moon t o  t h e  o r b i t i n g  Command and S e r v i c e  Module, E leven  Command 
and S e r v i c e  Modules w i l l  be I n  v a r i o u s  s tages  of p r o d u c t i o n  and 

f a c t o r y  checkou t  d u r i n g  F Y  1970,  

Dur ing  F Y  1970,  e l e v e n  Command and S e r v i c e  Modules and s e v e n  

Lunar Modules w i l l  be i n  v a r i o u s  s tages  o f  p r o d u c t i o n  and check- 

o u t .  Funds w i l l  p r o v i d e  f o r  s p a c e c r a f t  i n t e g r a t i o n ,  checkou t  

and r e l i a b i l i t y ,  t es t  o p e r a t i o n s ,  c r e w  equ lpmen td  space s u i t s ,  

l o g i s t l i c s , )  i n s t r u m e n t a t i o n ,  and s c i e n t i f i c  equipment ,  

S a t u r n  V ($496 , 7 0 0  ,I 000 1 

T h e  S a t u r n  V l aunch  v e h i c l e ,  t h i s  c o u n t r y J s  most power fu l  

r o c k e t  p o s s e s s e s  n e a r l y  f i v e  t i m e s  t h e  t h r u s t  of t h e  S a t u r n  IB. 
Comprised of t h ree  p r o p u l s i o n  s t a g e s  and an i n s t r u m e n t  u n i t ,  t h e  

S a t u r n  V c a n  l aunch  p a y l o a d s  of n e a r l y  145 t o n s  i n t o  low e a r t h  

o r b i t ,  o r  p a y l o a d s  of 50 t o n s  t o  t h e  moon, The p r o j e c t  i n c l u d e s  

f i f t e e n  f 1 : g h t  v e h i c l e s  f o r  a p lanned  s e r i e s  o f  unmanned q u a l i f i -  
c a t i o n  f l  l g h t s ,  manned lunar-  l a n d i n g  s i m u l a t i o n s  and manned l u n a r  

l a n d i n g -  Manufac tu r ing ,  sys t ems  i n s t a l l a t i o n ,  t e s t  and checkou t  

of t h e  l a s t  seven  v e h i c l e s  w i l l  be underway i n  F Y  1970.  FY 1970 
f u n d s  w i l l  p r o v i d e  a q u i c k  r e s p o n s e  c a p a b i l i t y  for r e s o l v i n g  any 
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S a t u r n  V problems encoun te red  i n  t h e  f l l g h t  m i s s i o n s ,  and f o r  

e n g i n e e r i n g  s u p p o r t  a c t i v i t y  r e q u i r e d  f o r  f l i g h t  e v a l u a t i o n .  

F i v e  S a t u r n  V l a u n c h e s  are p lanned  f o r  t h e  budge t  y e a r ,  

Lunar E x p l o r a t i o n  ($ll,OOO,OOO) 

T h e  a c t i v i t i e s  and developments  n e c e s s a r y  t o  expand t h e  

c a p a b i l i t i e s  and u s e f u l n e s s  of basic  Apol lo  hardware  t o  conduc t  

ex tended  e x p l o r a t i o n  of t h e  moon are b e i n g  s t u d i e d  i n t e n s i v e l y .  

Man's c a p a b i l i t i e s  t o  conduc t  such  an e x p l o r a t i o n  must be en- 

hanced by e x t e n d i n g  h i s  l u n a r  s t a y t i m e  beyond t h e  one-day cap- 

a b i l i t y  i n  p r e s e n t  Apo l lo  ha rdware ,  and by expanding  t h e  r a d i u s  

of e x p l o r a t i o n  th rough  t h e  u s e  of a s t r o n a u t  m o b i l i t y  a i d s  and t h e  

development  of l u n a r  t r a v e r s e  v e h i c l e s ,  F Y  1 9 7 0  f u n d i n g  w i l l  be 

used f o r  t h e  d e f i n i t i o n  of m o d i f i c a t i o n s  t o  Apo l lo  hardware ,  new 

sys t em r e q u i r e m e n t s  and e x p e r i m e n t s .  

O p e r a t i o n s  ($489 I 600 ,, 000 

O p e r a t i o n s  c o n s i s t s  of c r e w  t r a i n i n g ,  l a u n c h ,  f l i g h t  and 
r e c o v e r y ,  and t h e  program w i d e  t e c h n i c a l  and Department  of D e -  

f e n s e  s u p p o r t  r e q u i r e d  f o r  manned s p a c e  f l i g h t s ,  I n c l u d e d  i n  t h e  

Apol lo  p o r t i o n  of  o p e r a t i o n s  is f u n d i n g  of  t h e  basic  c a p a b i l i t y  t o  

conduct  manned f l i g h t  t o g e t h e r  w i t h  a c t i v i t i e s  n e c e s s a r y  f o r  

s p e c i f i c  Apol lo  m i s s i o n s .  T h e  a s s o c i a t e d  o p e r a t i o n s  p r o j e c t  i n -  

c luded  i n  Space  F l i - g h t  O p e r a t i o n s  funds  o n l y  t h o s e  e f f o r t s  un-Lque 

t o  t h a t  program. 

T h e  two p r i n c i p a l  c e n t e r s  f o r  l a u n c h ,  f l i g h t  c o n t r o l  and 

r e c o v e r y  a c t i v i t i e s  are t h e  Kennedy Space  C e n t e r r  F l o r l d a  and t h e  

Manned S p a c e c r a f t  C e n t e r ,  Texas .  T h e  Kennedy Space C e n t e r  1s 

r e s p o n s i b l e  f o r  checkou t  of b o t h  t h e  l a u n c h  v e h i c l e s  and t h e  space- 

c r a f t ;  main tenance  and o p e r a t i o n  of t h e  l a u n c h  f a c i l i t i e s ;  f i n a l  

i n t e g r a t i o n  and i n t e g r a t e d  checkou t  of  t he  space v e h i c l e  which 
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i n c l u d e s  t h e  l aunch  v e h i c l e  pay load ;  t h e  o p e r a t i o n  and coord ina -  
t i o n  of s u p p o r t i n g  f a c i l i t i e s ,  ground s u p p o r t  equipment  and 

l o g i s t i c s  s u p p o r t ;  and t h e  c o n d u c t i n g  of t h e  l aunch .  The Manned 

S p a c e c r a f t  C e n t e r  (MSC)  i n  Houston i s  t h e  h e a d q u a r t e r s  f o r  a l l  

crew, f l i g h t ,  and r e c o v e r y  o p e r a t i o n s .  The a s t r o n a u t s  are 

based a t  t h i s  C e n t e r  a l o n g  w i t h  most of t h e i r  e s s e n t i a l  t r a i n i n g  

equipment .  A l s o  a t  MSC IS t h e  M i s s ~ o n  C o n t r o l  C e n t e r  w i t h  i t s  

h i g h l y  s o p h i s t l c a t e d  computer complex and e x t e n s i v e  communications 

l i n k s  t o  t he  t r a c k i n g  network and o t h e r  worldwide d a t a  s o u r c e s .  
T e c h n i c a l  o p e r a t i o n s  p r o v i d e  t h e  sys t ems  e n g i n e e r i n g  needed 

f o r  t h e  i n t e g r a t e d  t e c h n i c a l  s u p p o r t ,  r e v i e w ,  and a n a l y s i s  of 
t he  e n t i r e  Apol lo  program: t h e  s u p p o r t i n g  development  n e c e s s a r y  

f o r  p r o d u c t  improvement; f o r  t h e  c o n t r a c t o r  a d m i n i s t r a t i o n ,  a u d i t ,  

and p r o p e r t y  a d m i n i s t r a t i o n  s e r v i c e s  p r o v i d e d  by t h e  Department  

of Defense  on a r e i m b u r s a b l e  bas i s ;  and f o r  t h e  n o n r e c u r r i n g  

main tenance  and rehabi  11 t a t i o n  of government owned i n d u s t r i a l  

p l a n t s ,  I n  F Y  1970 sys t ems  e n g i n e e r l n g  s e r v i c e s  p r o v i d e  func-  
t i o n a l  and per formance  s t a n d a r d s  for Apol lo  deve loped  hardware; 

t e c h n i c  a1  i n tegr a t  Lon and e v a l u a t  i on;  t e c h n  i c a l  documen ta t ion ;  

and o v e r a l l  t r a j e c t o r y  a n a l y s i s ,  Funding f o r  s u p p o r t i n g  develop-  
ment w i l l  c o n c e n t r a t e  on e n g i n e e r i n g  e f f o r t s  t o  improve Manned 

Space  F l i g h t  hardware  T h e  n a t u r e  of these e f f o r t s  v a r y  w i d e l y ,  
e x t e n d i n g  from a l t e r n a t i v e  subsys t ems  t o  new subsys t ems  t o  new 

mater ia l  f a b r i c a t i o n  and t e s t l n g ,  E f f o r t  i n  F Y  1970 w i l l  be 

devo ted  t o  t h o s e  p romis ing  areas highlighted i n  p r e v i o u s  work 

w i t h  new t a s k s  f o c u s i n g  on a p p l l e d  sys t ems  development ,  

- 39 - 



1 i 

OFFICE OF MANNED SPACE FLIGHT 
SPACE FLIGHT OPERATIONS PROGRAM 

The Space Flight Operations program 1s directed toward in- 
creasing the scientific. technical and economic return on this 
nation's investment in technology; launch, production, and opera- 
tions facilities: the scientific engineering and management skills 
and expertise; operational techniques- and hardware equipment de- 
veloped in the Gemini and Apollo programs, The present focus for 
the Space Flight Operations program is the development and opera- 
tion of a manned space station that can be launched in the mid- 
1970 Os, 

Initial Space Flight Operations will be conducted in Apollo 
Applications, which is built on the strong base o€ flight experience, 
ground facilities, and trained manpower developed in the Apollo 
program, Apollo Applications employs the Saturn I Workshop, the 
Apollo Telescope Mount I and basic space vehicle hardware developed 
and procured in Apollo, This basic hardware is being modified to 
meet the unique requirements of the Apollo Applications missions 
a.nd to capitalize on the Apollo developed capability by accomplish- 
ing a limited but carefully selected spectrum of sclentiflc, 
technological arid medical investigations, The project is a pro- 
gressive step toward the establishment of a long-term space flight 
operations capabi lity in the Space Station, and furnishes informa- 
tion which will be used to reach sound decisions on the content 
and configuration of our future operations in the space environ- 
ment 
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RESOURCES REQUIRED: 

(Thousands of Dollars) 
1968 1969 19 70 

Apollo applications . . . . ~ $253,200 $150 000 $308 I 800 
Space station . e 

--- --- 36,300 Operations,.- e e a . e . . . 
Total program plan . * $253,200 $150 000 $354,100 

. 0 .  I-- --- 9,000 

- 
Application of funds reserved from apportionment 

pursuant to the Revenue and Expenditure Control 

Budget authorlty requested. ~ . . . e I , . . . $236 627 

Act of 1968 , . C O * " r n . D .  . . D " . * .  -117,473 

WHY FUNDS REQUIRED: 
Apollo Applications ($308,800 ,000) 

Apollo Appllcatlons consists of three basic missions and 

relies primarily on hardware developed and produced for the Apollo 
program, They are: 

the effectxveness of man in space In terms of biomedical considera- 
tions, Iiviilg conditions, mobillty, and work station designs, 

1, Obtaining informatlon on how best to sustaln or improve 

2 *  Effecting long duration operations Since the quantity 
of data return and other accompllshments is generally directly 
proportional to the duration of the flight, the value and economy 
of each mission cari be greatly enhanced by increasing the amount 
of time that can be devoted to productive activities. 

3. Conducting scl-entif ic technical ~ and applications tasks 

with the purpose of assessingl experimentlng with, and increasing 
rnan"s capabllities for performing these tasks: as well as the 
acquisition of useful data and results, 

4. Providing informatlon to support the effort in develop- 
ing the long duratlon Space Station of the mid-1970's. 
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The S a t u r n  1 Workshop mis s ion  p lanned  f o r  f l i g h t  i n  1 9 7 1  

r e q u i r e s  t h e  launch  of two S a t u r n  TB v e h i c l e s  t o  e s t a b l i s h  and 

b e g i n  o p e r a t i o n  of a l a r g e  volume workshop i n  e a r t h  o r b i t .  An 

unmanned f l i g h t .  c o n s i s t i n g  of a S a t u r n  I B  w i t h  an A i r l o c k  Module, 

and a Docking A d a p t e r ,  w i l l  be launched f i rs t .  A second S a t u r n  

I B  l a u n c h ,  o c c u r r i n g  approx ima te ly  one day  l a t e r ,  w i l l  be manned 

and will rendezvous w i t h  t h e  S - I V B  s t a g e  of t h e  f i r s t  f l i g h t .  

The expe r imen t s  p lannpd on t h i s  m i s s i o n  a r e  c h i e f l y  devo ted  t o  

d e t e r m i n i n g  and e v a l u a t ~ . n g  t a s k  per formance  of  men i n  s p a c e  o v e r  

ex tended  p e r i o d s  of t i m e ,  and i n c l u d e  h a b i t a b i l i t y  e x p e r i m e n t s ,  

medica l  e v a l u a t i o n s  of t h e  e f f ec t  of long  d u r a t i o n  s p a c e  f l l g h t  

on t h e  c r e w ,  e n g i n e e r i n g  e x p e r i m e n t s  and v a r i o u s  t echno logy  and 

s c i e n t i f i c  e x p e r i m e n t s ,  i nc ludnng  e a r t h  sc ience  o b s e r v a t i o n s .  

The Workshop r e v i s i t  m i s s i o n  u s e s  a s i n g l e  S a t u r n  I B  l aunch  

of a t h r e e - m a n  Command and S e r v ~ c e  Module t o  rendezvous  and dock 

w i t h  t h e  Workshop s t o r e d  i n  o r b i t  a t  t h e  comple t ion  o f  t h e  pre- 
v i o u s  m i s s i o n ,  T h i s  m i s s i o n  LS t h e  f irst  f l i g h t  t e s t  of t h e  

c o n c e p t  of r e u s i n g  a h a b i t a b l e  s p a c e  s t r u c t u r e  a f t e r  a p e r i o d  

of s e v e r a l  months of untended o p e r a t i o n  i n  o r b i t .  I ts  p lanned  

d u r a t i o n  of 56 d a y s  is  t h e  n e x t  s t ep  i n  t h e  p r o g r e s s i v e  e x t e n s i o n  

of m i s s i o n  l e n g t h  t o  s y s t e m a t i c a l l y  %est and e v a l u a t e  t h e  a b i l i t y  

of b o t h  man and equipment to f u n c t i o n  e f f e c t i v e l y  f o r  l o n g  p e r i o d s  

of t i m e  i n  s p a c ? ,  

The t h i r d  m i s s i o n  p lanned  f o r  e a r l y  1 9 7 2 ,  u s e s  t h e  Workshop 

as a base of o p e r a t x o n s  f o r  a manned s o l a r  o b s e r v a t o r y *  A S a t u r n  

I B  w i l l  13unch a th ree-man Apo l lo  Command and S e r v i c e  Module con- 

f i g u r e d  f o r  a 56 day m i s s i o n ,  A f t e r  t h e  Command and S e r v i c e  

Module rendezvous  and docks  w i t h  t h e  Workshop, t h e  crew e n t e r s  

and r e a c t i v a t e s  t h e  Workshop and p r e p a r e s  f o r  t h e  o p e r a t i o n a l  

p h a s e  of t h e  missLon L a t e r ,  a second S a t u r n  I B  l a u n c h e s  t h e  

unmar,ned Apol lo  T e l e s c o p e  Mount (ATM) which w i l l  r endezvous  and 



dock with the Workshop. The ATM incorporates high resolution solar 
telescopes and spectrographs for observing dynamic phenomena on 
the surface and in the corona of the sun. 

Backup hardware will be provided for both the Workshop 
(with Docking Adapter and Airlock) and the Apollo Telescope Mount, 
including a second set of experiments for the Workshop and Solar 
Astronomy missions, 

Fundinq in F Y  1970 will cover storage and maintenance costs 
required for the Saturn IB’s provided by Apollo and for continuing 
production effort on vehicles #213 and #214: deta~led engineering, 
fabrication, and certification testiny of modified spacecraft 
subsystems to qualify them for long duration missions; and start 
of assembly of fli.ght spacecraft. FY 1970 funds will also be 
used in extensive development and qualifEcation tests of com- 
ponents and subsystems of the Saturn I Workshop; the Airlock 
Module: Multiple Docking Adapter; and the ATM, Fabrication of 
flight hardware will be initiated during the year. 

Space Station -_ ($9,00@,000) - 

The S p a c ~  Station system w i l l  consist of the station itself, 
experiments, supporting modules and loqistic systems for personnel 
transfer and resup;Jiy. Based on the findings of completed ad- 
vanced studies a selection of detailed objectives and program 
constraints 1 s  being made and Industry is being asked to prepare 
preliminary designs of s t a t i o n  and logistic systems configurations, 
After completion of these contractual efforts, a comprehensive 
in-house analyir :.?a1 rev1 ew w i l l  be conducted, to refine concepts 
deveiop preliminary design specificatlons. define support require- 
ments and assess preliminary manufacturing and test requirements, 
Funds requested in 1976 are f o r  continuing definition studies, 
preliminary engineerLng and necessary supporting work, 
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O p e r a t i o n s  ( $ 3 6 , 3 0 0 , 0 0 0 )  

O p e r a t i o n s  i n c l u d e  e f f o r t s  a t  t-he Kennedy Space C e n t e r  and 

t h e  Manned S p a c e c r a f t  C e n t e r  t h a t  a r e  d i r e c t l y  i n v o l v e d  w i t h  p r e -  

l aunch  l a u n c h ,  f l i g h t ,  crew, and r e c o v e r y  p l a n n i n g  a c t i v i t i e s  

and t h e  t e c h n i c a l  o p e r a t i o n s  needed  f o r  i n t e g r a t e d  techni .ca1  

s u p p o r t ,  r e v i e w ,  and a n a l y s i s  of t h e  Apol lo  A p p l i c a t i o n s  m i s s i o n s ,  

F Y  1970 f u n d s  are r e q u i r e d  for miss ion  p l a n n i n g  and a n a l y s i s ;  

i n i t i a t i o n  of procurement  f o r  an ATM s i m u l a t o r ;  t r a i n e r  mod i f i ca -  

t i o n s  t o  Apol lo  Application c o n f i g u r a t i o n s :  ma in tenance  of S a t u r n  

TB l aunch  c a p a b l l i t y  i .ncluding equipment and sys t ems  i n  s t o r a g e ,  

by k e e p i n g  i t  i n  a c o n d i t i o n  of good r e p a i r  t o  permit  r e a c t i v a -  

t i o n  t o  s u p p o r t  Apol lo  A p p l i c a t i o n s  l a u n c h e s ;  m o d i f i c a t i o n  of 

launch  check-out  equipment  t o  accommodate Apo l lo  A p p l i c a t i o n s  

un ique  hardware; t es t  p l a n n i n g  and p r o c e d u r e s  f o r  check--out of 

p r e v i o u s l y  d e a c t i v a t e d  e q u ~ p m e n t  and sys t ems  as w e l l  as Apol lo  

A p p l i c a t i o n s  un ique  hardware  and docurnentat lon p l a n n i n g  for re- 

a c t i v a t i o n  of l aunch  complexes f o r  Apol lo  A p p l i c a t i o n s ,  
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O F F I C E  OF MANNED SPACE FLIGHT 

ADVANCED M I S S I O N S  PROGRAM 

T h e  o b j e c t i v e s  of  t h e  Advanced Miss ions  program are t o  

examine advanced manned space f l i g h t  proqram c o n c e p t s ,  i n c l u d i n g  

l o g i c a l  e x t e n s i o n s  of t h e  n a t i o n a l  space c a p a b i l i t y  th rough  a n a l y s i s  

of p r e s e n t  hardware  sys t ems  f o r  growth p o t e n t l a l ;  t o  d e v e l o p  re- 

q u i r e m e n t s  f o r  f u t u r e  s y s t e m s -  t o  p r o v i d e  g u i d a n c e  f o r  research 

and t echno logy  act i v i  t :es: and t o  p r o v i d e  t e c h n i c a l  i n f o r m a t i o n  

and c o s t  d a t a  upon which f u t u r e  proqram decisions c a n  be based, 

RESOURCES REQUIRED: -- 
(Thousands of D o l l a r s )  

1968 1969 19 70 
-I_ 

Advanced m i s s i o n s  s t u d i e s  - , 

T o t a l  

$ 2 , 5 0 0  $2,500 
$ --,- $ 2 , 5 0 0  $2” 5 0 0  
-I- _- 

WHY FUNDS REQUIRED: 

- Advanced Miss ions  S t u d i e s  1$2,500,000) 

Advanced s t u d i e s  p r o v i d e  f o r  f u t u r e  manned s p a c e  f l i g h t  

program p l a n n i n g ,  T h e  s t u d i e s  u t i l i z e  t h e  c a p a b i l i t i e s  of i n -  

d u s t r y  t o  pe r fo rm c o n c e p t u a l  d e s i g n s  and  p r o v i d e  t e c h n i c a l  trade- 

o f f  d a t a  t o  supplement  in-house a c t l v i t l e s .  Dur ing  F Y  1969 ,  

emphas is  1s b e i n g  p l a c e d  on s u p p o r t  cf t h e  Space  S t a t i o n  d e f i n i -  

t i o n  e f € o r t -  

FY 1970 €unding  w i l l  be used as follows:: 
a. Rescue and Escape  - S t u d i e s  w i l l  be u n d e r t a k e n  t o  examine 

and i d e n t i f y  methods and  s y s t e m s  f o r  a s t r o n a u t  e s c a p e  and r e s c u e  

on l u n a r  o r b i t  and l u n a r  s u r f a c e  m i s s i o n s .  Concep tua l  d e s i g n  of 

manned and  unmanned ea r th  based r e s c u e  sys t ems  w i l l  be s t u d i e d  f o r  
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low e a r t h  and gsosynchronous  o r b i t  m i s s i o n s ,  The  impact of  t h e  

p r o l e c t e d  u s e  of s u c h  sys t ems  on t h e  d e s i g n  and o p e r a t i o n  of 

Space S t a t i o n s  and l u n a r  s u r f a c e  s h e l t e r s  and v e h i c l e s  w i l l  be 

a s s e s s e d .  

b .  Advanced Lunar  S t u d i e s  - S t u d i e s  w i l l  be conducted  on 

advanced s t u d i e s  which have t h e  p o t e n t i a l  f o r  u t 3 l i z a t i o n  i n  t h e  

l a t t e r  h a l f  cf t h e  1970 s. W e  s t u d i e s  w ; l l  be concerned  w i t h  

spacecraf t  systems r q u i  r e d  t o  t r a n s p o r t  p e r s o n n e l  and c a r g o  t o  

t,he moon and  sys t ems  t o  p r o v i d e  s h e l t e r  and s u p p o r t  f o r  e x p l o r a -  

t i o n  a c t i v i t i e s .  S y s t ~ r n  s y n t h e s i s  s t u d i e s  w i l l  p r o v i d e  p l a n n i n g  

d a t a  appl icable  t~ developmcnt  of an e a r l y  l u n a r  s t a t i o n  u s l n g  

Apol10 s y s t e m  d e r  1 v a t  1 i7es 

c. Advanced Space S t a t  Lon S t u d i e s  - Advanced Space S t a t i o n  

s t u d i e s  w i l l  i n c l u d e  i d e n t i f i c a t i o n  o f  advanced m i s s i o n  r e q u i r e -  

ments  and o p e r a t i o n a l  modes f o r  a semipermanent s p a c e  s t a t i o n ,  

N e w  modules r ~ q u i r e d  f o r  second g e n e r a t i o n  p a y l o a d s  and sys t ems  

r e q u i r e d  f o r  m i s s i o n s  i n  synchronous  i j r b i t  w i l l  be  examined-  

The i m p l i c a t l - o n s  of  d ~ e p  space m i s s i o n s  f o r  t h e s e  modules and 

sys t ems  may als.; be examined 



O F F I C E  OF SPACE SCIENCE AND APPLICATIONS 

PHYSICS AND ASTRONOMY PROGRAM 

The P h y s i c s  and Astronomy program I S  d i r e c t e d  t o  increase 

human knowledge of t h e  e a r t h s s  s p a c e  env i ronmen t ,  t h e  s u n ,  t h e  

s tars ,  and more d i s t a n t  celestial b o d i e s ,  R e s e a r c h  1s b e i n g  con- 

d u c t e d  t o  i n v e s t i g a t e  t h e  e a r t h p s  upper  a tmosphere  and i o n o s p h e r e ;  

t h e  magnetosphere and t h e  i n t e r p l a n e t a r y  medium, t h e  s u n .  t h e  

s ta rs ,  and g a l a x i e s ;  cosmic d u s t :  cosmic r a y s  and o t h e r  p h y s i c a l  

and a s t r o n o m i c a l  phenomena found beyond t h e  e a r t h o  s a tmosphere-  

Techniques  used t o  g a t h e r  i n f o r m a t i o n  o n  t h e s e  phenomena 

r a n g e  from t h e o r e t i c a l  and l a b o r a t o r y  r e s e a r c h  th rough  a i r c r a f t ,  

b a l l o o n  and sound ing  r o c k e t  f 1 i g h t s  t o  small E x p l o r e r  s p a c e c r a f t  

l a rge  automated o r b 1  t i n g  o b s e r v a t o r i e s  E and manned s p a c e c r a f t -  

Research  g roups  invo lved  i n  t h i s  program are  l o c a t e d  a t  NASA 

f i e l d  c e n t e r s ,  o t h e r  government l a b o r a t o r i e s  u n l v e r s l t i e s ,  and 

i n d u s t r i a l  l a b o r a t o r l e s ,  O p p o r t u n i t i e s  are a l s o  ex tended  t o  

s c i e n t i s t s  i n  o t h e r  n a t i o n s  to participate i n  t h e  program th rough  

f l i g h t  e x p e r i m e n t s  on NASA s p a c e c r a f t  and c o o p e r a t i v e  sound ing  

r o c k e t  and s a t e l l i t e  p r o j e c t s .  

RESOURCES REQUIRED:  

(Thousands of D o l l a r s )  
1968 1969 1970 

S u p p o r t i n g  r e s e a r c h  and t echno-  
logy/advanced s t u d i e s  * - * $22 ,904  

D a t a  a n a l y s i s  . , . I - e 2 ,900  
Sounding r o c k e t s  Ln . a 20.000 
S o l a r  o b s e r v a t o r i e s  , , _I 11 332 
Ast ronomica l  o b s e r v a t o r l e s ,  . 4 4 , 7 6 8  
Geophys ica l  o b s e r v a t o r i e s  I 20,064 

1 7 , 5 3 2  

T o t a l  . , - - $139.500 
E x p l o r e r s  . - e - , % , --- 

$19 ,900  
3 ,400  

20 100 
12 ,000  
36 900 
13 ,200  
19 ,616  

$125, ,116 - 

$19 600 
3 , 7 0 0  

20 100 
14  800 
2 8  I 600 

6 800 
26 000 

$119 ,, 600 
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WHY FUNDS REQUIRED: 
- Support inq Research - and Technology/ 
Advanced Studies ($19 ---c-,- 600 000) -~ 

This project provides for advanced technological development 
of experiments and spacecraft components for future flight pro- 
grams, the support of theoretlcal and 1aboratDr-y research and 
the conduct of scient if I c f 1 ight research u s i n q  balloons and air- 
craft. The program is carried out by universities. nonprofit and 
industrial research centers. NASA centers and other Government 
agencies, 

Data AnaQsis ($3 700 000) ___---1-1- 

This project exploits the data obtained from space science 
experiments on NASA spacecraft. Reduced data records are for- 
warded by each principal investigator to the National Space 
Science Data Center (NSSDC) located at the Goddard Space Fllght 
Center. After processing and cataloging the availability of the 
data I S  made known to the world scientific community through 
periodic announcements by the NSSDC. 

The funding in FY 1970 provides for a continuation of the 
data collection effort of the NSSDC. As the holdings improve 
the usefulness of t h e  NSSDC to the scientific community 1s being 
reflected i n  ar: 'Pcrease ir: the requests for data. The FY 1970 
funding also provides for modest support of correlative studies 
which utilizz data from several separate investigations as well 
as new approaches to the analysis of available data 

-" Sounding-Rockets -..- _---*-- ($20,100,000) 

Sounding rockets conduct scientific studies at altitudes 
betwe an 80 and 1 000 miles These rockets are relatively small, 
in=xpensive vehicles capabl- of carrying a wide varlety of in- 
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strumentation to conduct studies in planetary atmospheres, iono- 
spheric physscs, energetic particles, astronomy” and solar physlcs. 
Sounding rocket flights are extremely useful in developing in- 
strumentation for later use on satellites- The usefulness of 
sounding rockets €or astronomical observatlons of the sun and 
stars in the X-ray and ultraviolet regions o f  the spectrum have 
been greatly increased by the development of accurate attitude 
control systems capable o f  spatial pointing accuracles of one arc 
second 

FY 1970 funds w i l l  contJnue the current soundlng rocket program 
of 100 to 125 flights per year.. It IS expected to utilize the 
recent advancements in attltude control. together with additional 
improvements in the altrtude capability of the Aerobee series of 
rockets, to provide for greater program emphasis in the astronomy 
and solar physics d:sciplines, 

Solar Observatories ---I ($14,.800,000) - 

The Orbiting Solar Observatory ( O S 0 1  IS a spln-stabillzed 
satellite designed to continuously point at the SUP and scan the 
celestial sphere, Observations of solar and astronomical events 
a r e  recorded and transmitted to ground based starions for analysis 
and dissemination in appropraate scienl if i c  publicat ions by the 
Principal Investigators. 

In FY 197n, funds w i l l  provide for continued analysis and 
publication of scientif L C  results based on data obtained from 
O S O - I V ”  orbital. operation and data analysis of O S O - F -  completing 
ground testing for 1aunr.h preparatlons and in2 tial data analysis 
for O S O - G :  design. d*veio;m~nt and : n i t l a 1  manufacture of space- 
craft and experiment i n s t r i i m e n t  components on O S O - H :  and initial 
deve’cpment O P  Q S O - 1  J .  K, 
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Ast ronomica l  O b s e r v a t o r i e s  ($28 .600  0 0 0 )  

The O r b i t i n g  As t ronomica l  O b s e r v a t o r y  ( O A O )  p r o j e c t  i s  de- 

s i g n e d  t o  d e v e l o p  and u s e  an a c c u r a t e l y  s t a b i l i z e d  automated 

space o b s e r v a t o r y  sys t em f o r  t e l e s c o p i c  o b s e r v a t i o n s  of ce les t ia l  

o b j e c t s  i n  t h e  e l e c t r o m a g n e t i c  s p e c t r a l  r a n g e  from t h e  X-ray 

r e g i o n  th rough  t h e  u l t r a v i o l e t  i n t o  t h e  v i s i b l e  r e g i o n .  The 

e a r l y  e x p e r i m e n t s  i n  t h e  OAO p r o j e c t  w i l l  p r o v i d e  e x p l o r a t o r y  

s k y  mapping s u r v e y s  i n  t h e  u l t r a v i o l e t ,  w i t h  l a t e r  e x p e r i m e n t s  

p r o v i d i n g  h igh  r e s o l u t i o n  s t u d i e s  of f a i n t  o b j e c t s .  

F Y  1 9 7 0  f u n d s  w i l l  p r o v i d e  f o r  c o m p l e t i o n  of t h e  OAO-B 

o b s e r v a t o r y  tests and p r e l a u n c h  o p e r a t i o n s ,  as w e l l  as s u p p o r t  

f o r  l a u n c h ,  i n - o r b i t  o p e r a t i o n s ,  and p r o c e s s i n g  and a n a l y s i s  of 

d a t a  from t h e  s c i e n t i f i c  expe r imen t .  Funds w i l l  a l s o  be used 

on t h e  OAO-C m i s s i o n  f o r  q u a l i f i c a t i o n  tes ts  of t h e  e x p e r i m e n t ;  

a c c e p t a n c e  tests of t h e  f l i g h t  expe r imen t ;  m o d i f i c a t i o n ,  i n t e -  

g r a t i o n ,  and t e s t  o f  t h e  spacecraft;  and i n i t i a t i o n  o f  t h e  

o b s e r v a t o r y  tests. 

Geophys ica l  O b s e r v a t o r i e s  ( $ 6 , 8 0 0 , 0 0 0 )  

The O r b i  t f n g  Geophys ica l  O b s e r v a t o r y  ( O G O )  p r o j e c t  has  as 

a p r i m a r y  o b j e c t i v e  t h e  accomplishment  of a c o o r d i n a t e d  ser ies  

of  s c i e n t i f i c  s t u d l - e s  o f  t h e  e a r t h 8 s  env i ronmen t  and t h e  e f f e c t  

of  solar a c t i v i t y  o n  t h a t  envi ronment .  F i v e  o b s e r v a t o r i e s  have  

been  l aunched  a t  a p p r o x i m a t e l y  one y e a r  i n t e r v a l s  s t a r t i n g  w l t h  

O G O - I  i n  1964. These m i s s i o n s  and t h e  p l anned  OGO-F m i s s i o n  

c o v e r  t h e  p e r i o d  f r o x  minimum t o  maximum a c t i v i t y  of  t h e  c u r r e n t  

s u n s p o t  c y c l e ,  and p r o v i d e  f o r  w i d e l y  spaced  measurements th rough-  

o u t  t h e  e a r t h s s  magnetosphere  as w e l l  as t h e  n e a r b y  i n t e r p l a n e t a r y  

medium. 

F Y  1970 f u n d s  p r o v i d e  f o r  o p e r a t i o n a l  s u p p o r t  f o r  da t a  

a c q u i s i t i o n ,  and d a t a  a n a l y s i s  f o r  OGO-IV, V, and F .  

- 50 - 



Explorers ($26 ," 000 000 ) 

Explorers are small special purpose satellites deslgned and 
instrumented to provide €or specialized scientiflc investigations 
and are flown in the unique orbits required for these investiga- 
tions. The Explorer class spacecraft and their experiments are 
developed by NASA installations universities, industry and co- 
operating foreign countries, They are used for investigatlons 
of the earth's atmosphere ionosphere ~ and magnetosphere: explora- 
tion of the magnetospheric boundary region and interplanetary 
space, and astronomical observations of the sun and other celestial 
objects /. 

The early Explorer satellites have been responsible for many 
of the discoveries made in the earth's environment during the 
past decade, 

FY 1970 funds provide for launching of the magnetospheric 
boundary and interplanetary space explorer IMP-G; flight quali- 
f ication and launch preparation of the Radio Astronomy Explorer 
RAE-B, a radiation belt study on the Small ScientLfic Satellite 
SSS-A, and five cooperative satellites; and continued develop- 
ment c ? f  other approved Explorer missions, 

In FY 1970 i t  LS planned to initiate Atmosphere Explorer 
missions ( C  and D )  which were deferred in FY 1969, These require 
onboard propulsion needed to maintain the low orbital altitudes 
necessary to investigate the lower boundary and energy balance 
of the upper atmosphere on a global basis Additional Small 
Scientific Satellites$ Small Astronomy Satellites, and inter- 
agency and International Cooperative Satellites are also planned 
to investigate phenomena discovered in the earth-s envlronment 
and to provide s k y  surveys in wave length regions not visible 
from the ground 
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OFFICE OF SPACE SCIENCE AND APPLICATIONS 

LUNAR AND PLANETARY EXPLORATION PROGRAM 

The o b j e c t i v e  of  t h e  Lunar and P l a n e t a r y  E x p l o r a t i o n  pro-  

gram is t h e  s c i e n t i f i c  e x p l o r a t i o n  of ou r  s o l a r  sys tem u t i l i z i n g  

manned and  automated s p a c e c r a f t  s u p p o r t e d  by earth-based research, 

T h e  c u r r e n t  program p l a c e s  emphasis  on p l a n n i n g  t h e  f u r t h e r  e x -  

p l o r a t i o n  of t h e  moon by manned sys t ems  and on t h e  e x p l o r a t L o n  

of t h e  p l a n e t s  and t h e  i n t e r p l a n e t a r y  medium u s i n g  automated 

spacecraf t ,  I n t e r m e d i a t e  and  l o n g  r a n g e  o b j e c t i v e s  encompass a 

broad  e x p l o r a t i o n  of t h e  s o l a r  sys tem and i n t e r p l a n e t a r y  s p a c e  

through more comprehensbve m i s s i o n s  t o  t h e  o u t e r  p l a n e t s  and t o  

t h e  a s t e r o i d s  and comets ,  T h e  u l t i m a t e  achievement  of these 

o b j e c t i v e s  w i l l  p r o v i d e  d a t a  t o  be t t e r  e x p l a i n  t h e  o r i g i n ,  h i s t o r y ,  

and mechanisms of development  of our s o l a r  s y s t e m ,  t h e r e b y  i n -  

c r e a s i n g  ou r  u n d e r s t a n d i n g  of t h e  e v o l u t i o n  of t h e  e a r t h  and t h e  

p r o c e s s e s  t h a t  c o n t r o l  1 ts environment  

The fundamenta l  s c i e n t i f i c  o b j e c t i v e s  of t h e  l u n a r  e x p l o r a -  

t i o n  program are t o  unde r s t and  t h e  moon's o r i g i n ,  e v o l u t i o n a r y  

h i s t o r y ,  r e l a t i o n s h i p  t o  t h e  ea r th  and t h e  s o l a r  s y s t e m o  and 

p r o c e s s e s  of f o r m a t i o n ,  P r o j e c t s  now completed have  advanced 

c o n s i d e r a b l y  o u r  knowledge of t he  moon and p rov ided  a w e a l t h  of 

d a t a  which a i d e d  and w i l l  c o n t i n u e  t o  a id  i n  u n r a v e l i n g  t h e  

m y s t e r i e s  of ou r  n e a r e s t  n e i g h b o r ?  T h e  Ranger p r o j e c t ,  t h e  

f i rs t  s t e p  i n  t h i s  e f f o r t "  p rov ided  t h e  f i r s t  c l o s e  up p i c t u r e  

of t h e  moonus  s u r f a c e  through t h e  thousands  of  l u n a r  pho tographs  

i t s  spacecraft  t r a n s m i t t e d  t o  e a r t h ,  T h e  s u b s e q u e n t  Lunar O r -  

b i t e r  p r o j e c t  p r o v i d e d  t h e  la rge  sca le  d e t a i l e d  pho tographs  of 

t h e  moon r e q u i r e d  f o r  t h e  s e l e c t i o n  and c e r t i f i c a t i o n  of s i tes  

f o r  t h e  Apol lo  manned l u n a r  l a n d i n g  m i s s i o n s .  T h e  Surveyor  
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p r o j e c t ,  by  d e m o n s t r a t i n g  t h e  s o f t  l a n d i n g  of a complex space- 

c r a f t  v e r i f i e d  t h e  a b i l i t y  o f  Apo l lo  t o  l a n d  on t h e  l u n a r  s u r -  

face-. I n  a d d i t i o n ,  Su rveyor  made v a i u a b l e  c o n t r i b u t i o n s  t o  o u r  

knowledge of t h e  moon b y  t a k i n g  hundreds  of h i g h  r e s o l u t i o n  

pho tographs  of t h e  l u n a r  t e r r a i n ,  measur ing  l u n a r  s u r f a c e  bear- 

i n g  s t r e n g t h  and by making t h e  f i r s t  r u d i m e n t a r y  chemical. a n a l y s i s  

of l u n a r  m a t e r i a l s .  The I n i t i a l  phase  of l u n a r  e x p l o r a t i o n  came 

t o  a c l o s e  w i t h  t h e  s u c c e s s f u l  comple t ion  of t h e  Surveyor  p r o j e c t .  

The n e x t  phase  of  o u r  e x p l o r a t i o n  of t h e  moon will be con- 

duc ted  by  men i n  t h e  Apo l lo  program c u r r e n t l y  app roach ing  f r u j t i o n .  

The i n i t i a l  Landings and t h e  subsequen t  m o d i f i c a t i o n s  t o  t h e  

sys t ems  n e c e s s a r y  f o r  comprehensive e x p l o r a t i o n  of t h e  moon a re  

funded under  t h e  Manned Space  F l i g h t  program However, a manned 

e x p l o r a t i o n  of t h i s  s c o p e  r e q u i r e s  a v e r y  s o l i d  f o u n d a t i o n  of 

s c i e n t i f ~ c  r e s e a r c h  i f  i t  L S  t o  be an e f f e c t i v e  program, Funding 

r e q u e s t e d  under  t h e  S u p p o r t i n g  Research  and Technology and D a t a  

A n a l y s i s  p r o j e c t s  w i l l  p r o v i d e  t h e  s c i e n c e  p l a n n i n g  which w i l l  
s e rve  as t h e  base f o r  c o n d u c t i n g  meaningfu l  e x p l o r a t i o n  of t h e  

moon _I 

The p l a n e t a r y  and i n t e r p l a n e t a r y  programs have  e x p e r i e n c e d  

a h i g h  d-gree  of  S U C C F S S  b e g i n n i n g  w i t h  t h e  Mar iner  T I  f l y b y  of 

V e n u s  and c o n t i n u i n g  wit-h t h e  m o s t  r e c e n t  s u c c e s s f u l  l a u n c h i n g  

of t h e  P i o n e e r  TX' spacecraf t  1.nto an  o r b i t  around the Sun,  The 

Mar iner  I1 m i s s i o n  i n  1962 t h e  f i r s t  flyby m i s s i o n  t o  Venus,  

p r o v i d e d  new d a t a  on t h e  maqne t i c  and a t m o s p h e r i c  c h a r a c t e r l - s t i c s  

o f  t h e  p l a n e t .  T h e  Mar iner  TV m i s s i o n  t o  Mars i n  1965 p r o v i d e d  

t h e  f i rs t  close up photography of t h e  p l a n e t ' s  c r a t e r e d  s u r f a c e  

and showed t h a t  i t s  a t m o s p h e r i c  d e n s i t y  w a s  v e r y  low compared 

t o  t h e  e a r t h .  M a r i n e r  V. launched i n  J u n e  1 9 6 7 .  made more pre- 
c i se  measurements o f  Venus I o n o s p h e r e ,  magnetosphere  ~ and 

a tmosphere ,  P i o n e e r  IX l aunched  i n  November 1968 ,  i s  t h e  



l a t e s t  i n  t h e  c u r r e n t  se r ies  of spacecraf t  d e s i g n e d  t o  measure 

t h e  i n t e r p l a n e t a r y  medium- E a r J  i e r  m i s s i o n s  p rov ided  d a t a  en-- 

a b l i n g  a be t te r  u n d e r s t a n d i n g  of the mechanisms re la ted  t o  t h e  

p r o p a g a t i o n  through space of s o l a r  d i s t u r b a n c e s  I t h e  e f f e c t  of 

t h e s e  d i s t u r b a n c e s  on te r res t r i . a l  phenomena, and t h e  r e l a t i o n -  

s h i p  between s o l a r  a c t i v i t y  and s o l a r  and cosmic r a y s  

The n e x t  phase  of t h e  P l a n e t a r y  program i r c l u d e s  a series 

of m i s s i o n s  t o  Marc;, V e n u s ,  and M e r c u r y ,  and t h e  f i r s t  rnissic?n 

t o  t h e  v i c i n i t y  of  J u p i t e r . .  Two Mar iner  f l y b y  mTssions t o  Mars 

are schedu led  f o r  1969 t o  be followed by two M a r i n e r  orbiters 

i n  19’71, I n  1973 a s i n g l e  Plar3nPr s p a c e c r a f t  will be used  t o  

s t u d y  b o t h  Venus and Mercury ,  T h e  V i k ~ n g  project-  u t l I . : z ~ n g  

the o r b i t e r / l a n d e r  team approach  f o u n d  s o  s u c c e s s f u l  i n  exp lo r -  

i n g  t h e  moon w i l l  be launched  t o  Mars T h i s  prolect combining 

a l a n d e r  and a M a r L n e r  c l a s s  O r b i t e r  w i l l  b e  launched t o  Mars 

b y  t h e  T i t a n / C e n t a u r  l aunch  v e h i c l e  i n  1973* Pioneer E is 

s c h e d u l e d  f o r  l a u n c h  i n  1969 f o r  f u r t h e r  i n t e r p l a n e t a r y  s t u d i e s  

M o d i f i c a t i o n  of t h e  s u c c e s s f u l  P i o n e e r  s p a c e c r a f t  d e s i g n  w i l l  

pe rmi t  m i s s i o n s  beyond Mars t o  t h e  v i c i n i t y  o f  J u p i - f e r -  P i o n e e r  

F and G l a u n c h e s  a r e  s c h e d u l e d  f o r  t h e  1972 and 1973 J o v i a n  

o p p o r t u n i t i e s  

RESOURCES REQUIRED: - -. -- 

(Thcusands of D o l l a r s  1 
1969 1970 

-_I--- 

1968 --- 
S u p p o r t i n g  r e ,$ea rch  and t e c h -  

D a t a  a n a l y s  1 T 

Pzoveer  , - n ,  

M a r i n e r - M a r s  1969 7 c  

Marlner-Mars 1971 . I 

V i k 7  ng, 
P l a n e t a r v  e x p l o r e r s  

no logy /advwced  s t u d !  z s  

M a r  1 n e r -  Mercury 197 3 _. * -  

$19 800 
600 

6,000 
62 850 

_. . - -  
..-. 

$ 2 0  600 
2.600 
5”00(! 

2 7  200  
18 ~ 300 

$24 ,600  
2 , 7 0 0  

1 8 , 2 0 0  
4 900 

4 5  4010 

40 000 
8 000 

3 ~ 000 



(Thousands of D o l l a r s )  
1968 1969 19 70 

Advanced p l a n e t a r y  m i s s i o n s  
t echno logy  . e r ,  $ 1 2 . 0 0 0  

Surveyor  e . . 33 000 

Mariner-Venus 1967 . , a 3,400 -~ ~ - --- 
Voyager,  I . , - - - - -- - I- - 

I-_- --- 
_ - -  --- Lunar  o r b i t e r .  e e " I C  9 ,500 

3 50 -_-- -_-- 
T o t a l  $147 500 -- $81 800 $146,800 - 

S u p p o r t i n g  Research  and _--- Technoloqy/  

Advanced S t u d i e s  ( $ 2 4  600 .000)  ----.-L-- 

S u p p o r t i n g  Research  and Technology p r o v i d e s  f o r  s u p p o r t  of 

f l i g h t  m i s s i o n s  by c o n c e i v i n g  and d e v e l o p i n g  s c i e n c e  e x p e r i m e n t s  

and e n g i n e e r i n g  c a p a b ; l i  t i e s  and b y  c o n d u c t i n g  s t u d i e s  t h a t  d e f i n e  

t h e  o b j e c t i v e s  and r e q u i r e m e n t s  of v a r i o u s  l o n q  r a n g e  f l i g h t  

m i s s i o n  p o s s i b i l i t i e s ,  Da ta  o b t a i n e d  from ground based  a c t i v i t i e s  

s u p p o r t e d  by t h i s  program are  combined wi th  f l i g h t  r e s u l t s  t o  

y i e l d  s i g n i f i c a n t  advancement I n  our  knowledge of t h e  moon and 

s o l a r  sys t em,  The advanced t e c h n i c a l  development  p a r t  o f  t h i s  

proqram is or i en t . ed  toward 1 1 1 1  t i a t i n g  t e c h n o l o g i c a l  development  

of f u t u r e  s u b s y s t e m s ,  components ,  t echn l -ques  and p r o c e s s e s  t h a t  

may have  a p p l i c a t i o n  t o  lonq  r a n g e  s p a c e c r a f t  c o n c e p t s  and p r o -  

v i d i n g  t h e  l a b o r a t o r y  r e s e a r c h  r e q u i r e d  t o  d e t e r m i n e  t h e  f ea s i -  

b i l s t y  of a l t e r n a t i v e  d e s i g n  c o n c e p t s  f o r  f u t u r e ,  more complex 

m i s s i o n s  t o  t h e  p l a n e t s ,  A r e a s  of b n t e r e s t  are new telecommuni- 

c a t i o n  and da t r i  au tomat ion  t e c h n i q u e s  and c o n c e p t s ,  and i n c r e a s e d  

r e l i a b i l i t y  a n i  1 ~ f e t ; l , m e  of components.  The advanced s t u d i e s  p r o -  

gram i d e n t i f i e s  and e v a l u a t e s  long  range p o t e n t i a l  m i s s i o n s  i n  

t e r m s  of new rq fo rma t ion  t o  be g a i n e d  from t h e  p l a n e t s ,  

Dur ing  FY 1 9 7 0 d  e f f o r t  i n  t h e  l u n a r  s c i e n c e  area w i l l  l a r g e l y  
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l a r g e l y  be devo ted  t o  i n c r e a s i n g  o u r  s c i e n t i f i c  knowledge of  t h e  

moon, c o n t i n u i n g  l a b o r a t o r y  i n v e s t i . g a t i o n s  and t h e o r e t i c a l  s t u d i e s  

re la ted t o  t h e  moon and drawing  on dat.a from ground based  research 

and from R a n g e r ,  S u r v e y o r ,  Lunar  O r b i t e r  Apo l lo  8 and subsequen t  

Apo l lo  missionsm Research  i n  t h e  advanced t e c h n i c a l  development 

program w i l l  c o n c e n t r a t e  I n  t h e  areas of  J u p i t e r  f l y b y  and Grand 

Tour m i s s i o n s ;  p r o v i d e  more emphasis  to t h e  c r i t i c a l  t e c h n o l o q i  es 

f o r  Venus p r o b e s  and  buoyant  Venus stat :cons; ,  a n d  d e v e l o p  c o n c e p t s  

f o r  an advanced Mars lander i n  the l a t e r  1970 s, 

T h e  p r i m a r y  pu rpose  of spacecraft  miss:ons to the moon or t o  

t h e  p l a n e t s  is t o  conduct  expe r rmen ta l  i n v e s t i g a t i o n s  which w i l l  

advance o u r  knowledge and u n d e r s t a n d i n g .  D a t a  are o b t a i n e d  by  

s c i e n t i f i c  i n s t r u m e n t s  aboard the  spacecraft  and a re  t r a n s m i t t e d  

t o  e a r t h  f o r  a n a l y s i s  by  t h e  s c i e n t i s t s  c o n d u c t i n g  t h e  e x p e r i m e n t s -  

The i n i t i a l  d a t a  reduction and a n a l y s i s  is f u n d e d  b k  t h e  f l i g h t  

p r o j e c t  as a par t  of i t s  p r o j e c t  r e s p o n s i b i l i t i e s  Very o f t e n  

t h e  t i m e  r e q u i r e d  t o  r e d u c e  and a n a l y z e  the d a t a ,  and t o  p u b l i s h  

t h e  r e s u l t s ,  1s l o n g e r  t h a n  t h e  p e r i o d  of s u p p o r t  p r o v i d e d  by  t h e  

p r o j e c t  

Tn 1 9 7 0  t h e  L u n a r  D a t a  A n a l y s i s  p r o j e c t  w i l l  s u p p o r t  con- 

t i n u i n g  L u ~ a r  O r b i t e r  p h o t o g r a p h i c  a n a l y s - L s *  Thjs a n a l y s i s  w i l l  

emphasize g e o g r a p h i c a l  areas o u t s i d e  t h e  Apol l o  1 and ing  z o n e ,  

p r i m a r i l y  f o r  s c ~ e n t i f i c  i n t e r e s t -  T h e  ba lance  of t h e  f u n d s  

r e q u e s t e d  w i l l  s u p p o r t  analysis of d a t a  o b t a i n e d  ir, e a r l y  Apo l lo  

l u n a r  o r b i t a l  and  l a n d i n g  rr: ssions. T h e  p u r p o s e  of t-hese 

a n a l y s e s  w i l l  a l s o  f o c u s  on p o t e n t i a l  Lunar  E x p l o r a t i o n  m i s s i o n  

r e q u i r e m e n t s ,  The P l a n e t a r y  D a t a  A n a l y s i s  p r o j e c t  w i l l  c o n t i n u e  

t o  s u p p o i t  t h e  r e d u c t i o n  of d a t a  from t h e  Mar lne r  T V ,  Mar iner  V ,  

and P i o n e e r  m i s s i o n s ,  and  3150 from ear th  upper  a tmosphere  ex- 

_- 56 - 



p e r i m e n t s .  I t  w i l l  p r o v i d e  t h e  r e s u l t s  f o r  t h e  u s e  of t h e  

s c i e n t i f i c  community i n  advancing  t h e  knowledge of mankind i n  

g e n e r a l  e 

P i o n e e r  ~ $ 1 8 , 2 0 0 , 0 0 0 ~  

The o b j e c t i v e s  of t h e  P i o n e e r  p r o j e c t  a r e  t o  p r o v i d e  f o r  t h e  

c o n t i n u i n g  investigation of t h e  i n t e r p l a n e t a r y  medium and t h e  

p r o p a g a t i o n  of s o l a r  and g a l a c t i c  phenomena i n  t h i s  medium; and 

t o  p r o v i d e  i n i t i a l  e x p l o r a t i o n  of t h e  remote  r e g i o n s  of t h e  s o l a r  

s y s t e m  i n  o r d e r  t o  increase  knowledge of  t h e  o r i g l n  and evo lu -  

t i o n  of t h e  e a r t h ,  s u n .  and p l a n e t s ,  and t h e  dynamic p r o c e s s e s  

t h a t  shape  t h e  terrestr i  a1 env j  ronrnent ,, 

The c u r r e n t  ser ies  of P i o n e e r  s p a c e c r a f t  we igh t  abou t  140 

pounds each  and are launched  by  t h e  Thrust-Augmented Improved 

D e l t a ,  The f i r s t  t h r e e  of t h e s e ,  P i o n e e r s  V T m  V I I ,  and VI11 

w e r e  l aunched  s u c c e s s f u l l y  i n  1965 ,  1966 ,  and 1967 r e s p e c t i v e l y ;  

a l l  t h r e e  c o n t i n u e  t o  o p e r a t e  s u c c e s s f u l l y .  P i o n e e r  I X  w a s  

s u c c e s s f u l l y  launched  on 8 November 1968.  A l i  s p a c e c r a f t  sub- 

s y s t e m s  are p e r f o r m i n g  n o r m a l l y ,  and a l l  on-board s c i e n t i f i c  

i n s t r u m e n t s  are transmitting v a l u a b l e  s c i e n t i f i c  i n f o r m a t i o n  on 

t h e  i n t e r p l a n e t a r y  medium, P i o n e e r  I X  and P i o n e e r  E ,  t o  be 

launched  i n  1969,  are e s s e n t i a l  e l e m e n t s  of o u r  network of d e e p  

space "wea the r  s t a t i o n E "  The e x p e r i m e n t s  f o r  t h e s e  P i o n e e r s  

are d e s i g n e d  t o  measure  t h e  s o l a r  wind f l o w ,  magne t i c  f i e l d s ,  

and t h e  e l e c t r o n  d e n s i t y  i n  s p a c e ;  and t o  o b s e r v e  t h e  e n e r g y  

s p e c t r a ,  f l u x e s , q  and d i . r e c t i o n  of s o l a r  and g a l a c t i c  cosmic r a y s .  

The oppor tun; ty  t o  p e r f o r m  t h e s e  e x p e r i m e n t s  on w i d e l y  s e p a r a t e d  

s p a c e c r a f t  i n  d e e p  s p a c e  1s p r o v i d i n g  un ique  and v a l u a b l e  s c i e n t i f -  

i c  i n f o r m a t j o n  abou t  the s u n  and i t s  i n f l u e n c e  on t h e  s o l a r  

sys tem.  The combina t lon  of measurements f rom t h e  f o u r  w i d e l y  

s e p a r a t e d  s t a t i o n s  enable  us  t o  d e t e c t  and e s t lma te  t h e  p a t h s  



of  s o l a r  s t o r m s ,  T h i s  i n f o r m a t i o n  helps  f o r e c a s t e r s  t o  p r o v i d e  
advance warning  of  r a d i a t i o n  d a n g e r s  t o  s p a c e c r a f t  and of  v a r i a -  

t i o n s  i n  t h e  p r o t e c t i v e  magne t i c  enve lope  of t h e  ea r th  which 

a f f ec t s  t h e  l o n g  r a n g e  r a d i o  communication of t h e  wor ld .  

I n  F Y  1969 ,  t h e  development  of P i o n e e r  F and G w a s  i n i t i a t e d  

t o  be launched  i n t o  t r a j e c t o r i e s  p e r m i t t i n g  t h e  e x p l o r a t i o n  of 

t h e  envi ronment  of i n t e r p l a n e t a r y  space between one and f i v e  

Ast ronomica l  U n i t s  (AU) f rom t h e  s u n ,  i n c l u d i n g  t h e  a s t e r o i d  b e l t  

and t h e  magnetosphere  of J u p i t e r ,  (One AU 1s e q u a l  t o  t h e  mean 

e a r t h - t o - s u n  d i s t a n c e ,  92 ,000,OOQ m i l e s , )  Wi th  th1.s t y p e  of  

t r a j e c t o r y ,  w e  s h o u l d  be able t o  s t u d y  t h e  h a z a r d o u s  r e g i o n  of 

t h e  a s t e r o i d  b e J t  and  measure t h e  g r a d i e n t  of t h e  s u n J s  i n f l u e n c e  

on i n t e r p l a n e t a r y  space and t h e  p e n e t r a t i o n  of g a l a c t i c  cosmic 

r a d i a t i o n  i n t o  t h e  solar s y s t e m , ,  Whi le  t h e  spacecraf t  i s  ~n t h e  

v i c i n i t y  of J u p i t e r ,  i n s t r u m e n t s  w i l l  measure t h e  p r o p e r t i e s  of 

charged  p a r t i c l e s ,  magne t i c  f i e l d s ,  and r a d i o  f r e q u e n c y  e m i s s i o n s ,  

D a t a  f rom these measurements w i l l  be used t o  s t u d y  t h e  composi- 

t i o n  and dynamics of t h e  a tmosphere  s u r r o u n d i n g  t h e  p l a n e t  and 

i t s  i n t e r a c t i o n  w i t h  t h e  i n t e r p l a n e t a r y  medium. I t  w i l l  also be 

used t o  a n a l y z e  t h e  the rma l  b a l a n c e  of  J u p i t e r  and t h e  s o u r c e  of 

e n e r g y  which t h e  p l a n e t  seems to h a v e -  These  m i s s i o n s  w i l l  re- 

q u i r e  m o d i f i c a t i o n s  t o  t h e  s p a c e c r a f t  t o  compensate  f o r  t h e  

l e s s e n i n g  of s o l a r  r a d i a t i o n  as a power s o u r c e  and t h e  more de-- 

manding communicat ions and thermal  c o n d i t i o n s ,  N e w  expe r imen t  

i n s t r u m e n t a t i o n  w i l l  a l s o  be r e q u i r e d  t o  make measurements  i n  

t h e  a s t e r o i d  b e l t  and n e a r  J u p i t e r , ,  Also  i n  F Y  1969 ,  NASA 

i n i t i a t e d  as p a r t  of t h e  P i o n e e r  p r o j e c t ,  a c o o p e r a t l v e  p r o j e c t  

w i t h  W e s t  Germany, Hellos f o r  measurements  of t h e  i n t e r p l a n e t a r y  

medium t o  w i t h i n  0 , 3  AU of t h e  s u n ,  

F Y  1970 f u n d s  w i l l  be used f o r  d e s i g n  and development  work 

on t h e  spacecraf t  and t h e  s e l e c t e d  e x p e r i m e n t s  f o r  P i o n e e r  F and G ,  
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O p e r a t i o n a l  s u p p o r t  f o r  t h e  f l v e  a c t l v e  P i o n e e r  s p a c e c r a f t  and 

f o r  d a t a  a n a l y s i s  w i l l  c o n t i n u e .  U . S .  e x p e r l m e n t s  f o r  H e l l o s  

w i l l  be selected and begun. 

Mar iner  

T h e  o b j e c t i v e  of t h e  Mar iner  program i s  t o  conduc t  t h e  

e a r l y  e x p l o r a t i o n  of t h e  p l a n e t s  w i t h  automated s p a c e c r a f t -  i n  

t h e  medium we lgh t  c l a s s ,  a b o u t  1000 pounds-  T h e  Mar iner  space- 

c r a f t  r e p r e s e n t s  t h e  t o o l  i n  t h e  P l a n e t a r y  program f o r  r emote  
o b s e r v a t i o n s ,  from an  a t t i t u d e  c o n t r o l l e d  spacecraft of t h e  

o t h e r  p l a n e t s  i n  t h e  s o l a r  sys t em,  M a r i n e r  I1 f l e w  by Venus 

i n  D e c e m b e r  1962 t o  p r o v l d e  t h e  f i r s t  d i r e c t  t e m p e r a t u r e  and 

magne t i c  f i e l d  measurements f rom n e a r  t h e  p l a n e t ,  T h i s  w a s  

f o l lowed  b y  t h e  Mar iner  I V  f l i g h t  pas t  Mars on 14  J u l y  1965,  

M a r i n e r  I V t s  p r i m a r y  o b j e c t i v e  w a s  t o  conduc t  i n i t i a l  c l o s e  

up s c i e n t i f i c  o b s e r v a t l o n s  of Mars and i t s  envi ronment ,  The 

o b j e c t i v e  w a s  a ch ieved  and i n c l u d e d  p i c t u r e s  of t h e  p l a n e t  show- 
i n g  a cratered s u r f a c e  s i m i l a r  t o  t h a t  of t h e  moon. Although 

c l o s e  up p i c t u r e s  of  Mars w e r e  t h e  p r imary  g o a l  v a l u a b l e  i n -  
f o r m a t i o n  on t h e  p l a n e t u s  a tmosphere  and i o n o s p h e r e  w a s  a l s o  

a c q u i r e d *  On 19 October  1967 M a r i n e r  V f l e w  past  Venus some 

2 ,600  m i l e s  f rom t h e  p l a n e t u s  s u r f a c e  and made measurements t o  

d e t e r m i n e  t h e  propertieLc of t h e  Venus] an a tmosphere  and t h e  i n t e r -  

a c t i o n  between t h e  p l a n e t  and t h e  i n t e r p l a n e t a r y  medium, improv- 

i n g  and s i g n i f i c a n t l y  augmenting t h e  d a t a  a c q u i r e d  f i v e  y e a r s  

e a r l i e r  by Mar iner  T I ,  Accord ing  t o  Mar ine r  V. Venus i s  a h o t  

p l a n e t  w i t h  a t h i c k  lower a tmosphere  - m o s t l y  c a r b o n  d i o x i d e .  

The heavy a tmosphere  is su r rounded  by a s p h e r e  of hydrogen  

ana logous  t o  t h a t  of ea r th .  

The n e x t  s t e p  i n  t h e  s c i e n t i f i c  e x p l o r a t i o n  of  t h e  p l a n e t s  

c o n s i s t s  of two Mar iner  s p a c e c r a f t  t o  f l y b y  Mars i n  e a r l y  August 
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1969 to provide data on the planet s physical, chemical and 
thermal properties, These spacecraft w i l l  be instrumented to 
transmit more data from scientific instruments during this one 
opportunity than has been transmitted by all previous planetary 
missions combined- The science instruments consist of two tele- 
vision cameras, an infrared spectrometer, infrared radiometer* 
and an ultraviolet spectrometer In addition to these flight 
instruments i t  is also planned to conduct a planetary occulta- 
tion experiment making use of the spacecraft s radio equipment ~ 

and a celestial mechanics experiment using the tracking data- 
The scientific investigation o f  Mars using orbiting space- 

craft will begin in 1971. The Mars 1971 spacecraft which w l l l  

use many of the proven subsystems of the Marlner IV and Mariner 
1969 exploratory flyby missions, w i l l  begin detailed studies of 
the atmosphere and environment of the planet and provide a close 
up look at large areas of the surface This 1971 mission will 
provide broad topographlc and thermal coverage- seasonal varia- 
tions in the atmosphere and on the surface; and other long-term 
dynamic observations, Some of the scientific instruments for 
the Mariner-Mars 1971 missions w z l l  be improved versions of 
those carried on the Mariner-Mars 1961 flyby- However, the 
scientific data return w i l l  be increased significantly Thls 
increase in data return results from the spacecraft being in orbit 
about the planet allowing multiple measurements and observations 
over a period of several months From orbit* i t  w i l l  observe 
approximatcaly 70% of th? planet s surface including the wave of 
darkening, cloud movements and any o the r  dynamic and seasonal 
changes i n  the planetus atmosphere or on the planet's surface 

A sinqle modif-ed Mariner spacecraft will be used to study 
both Venus and Mercury in 1973 Although the similarities be- 
tween Mars \enus, and Earth make the study of these planets 
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important to our knowledge of earth and its place 1.n the solar 
system" the knowledge of other planetary bodies can also make a 
significant contribution. In 1973, using the same rocket required 
to go to Venus, a spacecraft can be accelerated by Venus" gravity 
and orbital velocity so that the same spacecraft can also swing 
by Mercury and begin the exploration of this, the closest planet 
to the sun The Mariner spacecraft which will be launched by 
an Atlas/Centaur. will return both ultraviolet and visual tele- 
vision pictures, atmosphere and ionosphere data as well as 
thermal maps from both Venus and Mercury- In addition it will 
monitor the space environment in the unexplored regions between 
Venus and Mercury, 

The funds requested for FY 1970 will support post-launch 
operations for Mariner-Mars 1969 through encounter, and initial 
analysis of scientific and engineering data, FY 1970 funds re- 
quested for Mariner-Mars 1971 will be used to procure flight 
hardware, and provide for tests of prototype subsystems, and 
environmental systems tests of the prototype spacecraft, Fiscal 
Year 1970 funds will also be used to prepare functional specifi- 
cations for Mariner-Mercury 1973 spacecraft and to permit initial 
flight hardware procurement activities- 

- Viking ($40,000, 000) -- 

The exploration of Mars initiated i n  1965 by the Mariner 
series of spacecraft will be continued ~n 1973 While these 
prior missions were to study t h e  planet from orbital or flyby 
distances< the 1973 mission will be the first opportunity to 
obtain data from direct measurements in the Mars atmosphere and 
on its surface. 

The objectives established €or the Viking project are to 
obtain through the use of two lander/orbiter missions to Mars 
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in 1973, scientlflc data which will significantly increase our 
knowledge of the Mars atmosphere and surface with particular 
emphasis on providing information relevant t,o life on the planet- 
Entry objectives include measurements of atmospherlc composition 
and structurem Post-landing objectives are to visually charac- 
terize the landing s ~ t e s  search for organic compounds, and ln- 
vestigate the ability of the environment to support life, 
Orbiter objectives are to study the dynamic characteristics of 
the planet and its atmosphere from orbit, to provide pictures 
of the landing area, and to relay data from the lander on the 
Mars surface to earth This teamwork between the orbiter and 
lander should yield scientific results which would not be attain- 
able for independent lander and orbiter missions- 

The lander to be used for this mission will be a soft lander 
similar to those used in the Surveyor project, Technology de- 
veloped for Surveyor and the Apollo Lunar Module will be directly 
applicable to the Viking lander- This lander will be mated with 
a modified Mariner 1971 orbiter, which will have the capability 
to insert the lander into orbit prior to landing” This wlll 
permit orbital entry for the lander which has the advantage of 
smaller surface dispersions for the lander, lower entry velocities, 
and better control of entry angles, 

FY 1970 funds will provide for the completion of functional 
specifications, selection of prime contractor for the lander 
system, initiation of detailed system design for the lander and 
orbiter, and d i l l  provide for continued development work on long 
lead item? During FY 1970 the specific scientiflc instruments 
to be f l o w n  will be selected after the results of the Mariner 
1969 mission are known and development work on these instruments 
will begin 
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P l a n e t a r y  E x p l o r e r s  ( $ 8 , 0 0 0 , 0 0 0 )  

T h e  P l a n e t a r y  E x p l o r e r s  are r e l a t i v e l y  s m a l l ,  l ow-cos t ,  

sp in - s t ab i  l i z e d  spacecraft  des igned  f o r  a Thor /De l t a  l aunch  and 

t o  o r b i t  t h e  n e a r  p l a n e t s .  The f i v e - s h o t  program i n c l u d e s  

l a u n c h e s  t o  Venus i n  1 9 7 2 ,  1 9 7 3 ,  and  1975 a n d  t o  Mars i n  1973 

and 1975. 

The P l a n e t a r y  E x p l o r e r s  w i l l  t e a m  w i t h  t h e  la rger  Mar iner  

spacecraft  t o  p roduce  a h i g h l y  e f f i c i e n t  program t o  e x p l o r e  t h e  

n e a r  p l a n e t s ,  j u s t  as t h e  most e f f i c i e n t  program t o  e x p l o r e  t h e  

ear th  and i t s  envi ronment  proved t o  be a mix of  s m a l l  E x p l o r e r  

o r b i t e r s  w i t h  larger  s a t e l l i t e s  such  as N i m b u s  and OGO. A s  p a r t  

of i t s  r o l e  on t h e  t e a m ,  t h e  m a g n e t i c a l l y  c l e a n  P l a n e t a r y  E x -  

p l o r e r s  w i l l  make t h o s e  s e n s i t i v e  r e a d i n g s  of t h e  p a r t i c l e  and 

f i e l d  env i ronmen t s  around Venus and Mars which are  d i f f i c u l t  t o  

make aboard  t h e  higher-powered M a r i n e r s  w J t h  t h e i r  s t r o n g  i n -  

t e r n a l  magne t i c  f i . e ld s .  T h e  P l a n e t a r y  E x p l o r e r s  w i l l  t h u s  f r ee  

t h e  M a r i n e r s  t o  c o n c e n t r a t e  on c o n d u c t i n g  t h o s e  h igh  p r i o r i t y  

e x p e r i m e n t s  which r e q u i r e  s t a b l e  and p r e c i s e  p o i n t i n g ,  h igh  power,  

and h i g h  d a t a  r a t e ,  E f f o r t  d u r i n g  F i s c a l  Y e a r  1 9 7 0  w i l l  i n c l u d e  

comple t ion  o f  t h e  d e t a i l e d  d e s i g n .  f a b r i c a t i o n ,  and t e s t  of a 

s t r u c t u r a l  t e s t  model and a t he rma l  c o n t r o l  model,  
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OFFICE OF SPACE SCIENCE AND APPLICATIONS 

B I O S C I E N C E  PROGRAM 

The B l o s c i e n c e  program h a s  t h r e e  p r i n c i p a l  o b ] e c t ~ v e s :  

(1) t h e  a t t a i n m e n t  of a thorough u n d e r s t a n d i n g  of t h e  e f f ec t s  
of t h e  space f l i g h t  envi ronment  on t e r r e s t r r a l  o rganisms:  (2) 

t h e  s e a r c h  f o r  e x t r a t e r r e s t r x a l  l i f e  ~ w i t h  t h e  p r imary  emphasis  

d i r e c t e d  i n i t i a l l y  t o  t h e  moon and n e a r e s t  p l a n e t s ;  and ( 3 )  

p r e v e n t i o n  of t h e  t r a n s f e r  of t e r r e s t r l a l  organisms t o  t h e  p l a n e t s ,  

s o  t h a t  t h e i r  s c i e n t i f i c  v a l u e  f o r  s t u d y i n g  h y p o t h e s e s  on e x i s t -  

e n c e  of e x t r a t e r r e s t r i a l  l i f e  wlll n o t  be  d e s t r o y e d ,  

RESOURCES REQUIRED: 

(Thousands of D o l l a r s )  
1969 1970 

S u p p o r t i n g  r e s e a r c h  and t e c h -  
$ 9 .900  $11,400 nology/advanced s t u d i e s  , , $ 1 0 , 1 2 2  

P l a n e t a r y  q u a r a n t i n e ,  (, , - 1 , 6 7 8  1 I 300 3 000 
21,500 18 il 000 B i o s a t e l l l t e ,  I , .. ., , 30 ,000  

T o t a l ,  - . e $41,800 $32,700 $32,400 

- 1968 

- 
-I 

WHY FUNDS REQUIRED: 

S u p p o r t i n q  Research  --- and TechnoloqyL 

Advanced I S t u d i e s  ~ $ 1 1 , 4 0 0 F O O O )  

Resea rch  i n  e n v i r o n m e n t a l  b i o l o g y  d e a l s  w i t h  t h e  r e s p o n s e  

and i n t e r a c t l o n  of l i v i n g  e a r t h  sys t ems  w i t h  t h e  v a r i a b l e s  of  

t h e  s p a c e  and p l c n e t a r y  e n v i r o n m e n t s ,  C r i t i c a l  s p a c e  env i ron -  

menta l  f a c t o r s ,  e , g , ,  a l t e r e d  g r a v i t y ,  are b e i n g  s t u d l e d  t o  

d e t e r m i n e  t h e  manner i n  which each of t h e s e  i n d i v i d u a l l y  o r  i n  

combina t lon  w i t h  o t h e r s ,  i n f l u e n c e  normal f u n c t i o n  i n  b i o l o g i c  

sys t ems  removed from t h e i r  normal e a r t h  h a b l t a t ,  Knowledge of 
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t h i s  n a t u r e  is  r e q u i r e d  t o  e s t ab l i sh  e x p e d i t i o u s  and e f f i c i e n t  

means f o r  u s i n g  a v a r i e t y  of  l i v i n g  organisms t o  assist i n  t h e  

b i o l o g i c  e x p l o r a t i o n  of t h e  un ique  space envi ronment .  The ground 

based r e s e a r c h  carried o u t  under  S u p p o r t i n g  Research and Technology 

( S R & T )  s u p p o r t s  f l i g h t  research on t h e  B i o s a t e l l i t e  and o t h e r  

f l i g h t  p ro jec t s . .  

B e h a v i o r a l  b i o l o g y  s e e k s  fundamenta l  knowledge c o n c e r n i n g  

t h e  b e h a v i o r  of  organisms t h e i r  b e h a v i o r a l  mechanisms of adapta- 

t i o n  t o  a r t i f i c i a l  and e x t r a t e r r e s t r i a l  e n v i r o n m e n t s ,  and de te rmin -  

i n g  t h e  b i o l o g i c  bases of such  b e h a v i o r ,  t h u s  p r o v i d i n g  a b r o a d e r  

u n d e r s t a n d i n g  of t h e  f u n c t i o n  of t h e  t o t a l  o rgan i sm and i t s  

e n v i r o n m e n t a l  i n t e r a c t i o n s .  Both ground based and i n - f l i g h t  

s t u d i e s  are d e s i g n e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  of w e i g h t l e s s n e s s  

and o t h e r  c o n d i t i o n s  p e c u l i a r  t o  t h e  s p a c e  env i ronmen t ,  

E m p h a s i s  i s  p l a c e d  on i n t e n s i v e  s t u d i e s  i,n f o u r  a r e a s ,  

which appea r  t o  h o l d  promise  of t h e  g rea t e s t  r e t u r n  i n  t e r m s  of 

basic s c i e n t i f i c  i n f o r m a t i o n  and f u t u r e  a p p l i c a b i l i t y  t o  space 

research, These  i n c l u d e :  (1) e f fec t s  of t h e  space envi ronment  

on b e h a v i o r ;  ( 2 )  e x p e r i m e n t a l  a n a l y s i s  of b e h a v i o r ;  ( 3 )  n e u r o l o g i c a l  

and b i o c h e m i c a l  bases of b e h a v i o r ;  and ( 4 )  b i o l o g i c a l  i n f o r m a t i o n ,  

c o n t r o l ,  and  communication s y s t e m s ,  

The P h y s i c a l  B io logy  program i n v o l v e s  ground based  basic re- 
search i n  b i o i n s t r u m e n t a t i o n ,  compara t ive  p h y s i o l o g y  and b i o -  

p h y s i c s .  I n  compara t ive  p h y s i o l o g y ,  s t u d i e s  are b e i n g  carr ied 

o u t  on t h e  dynamics o f  p h y s i o l o g i c a l  s y s t e m s ,  special  a t t e n t i o n  

i s  b e i n g  p a i d  v a r i o u s  o s c i l l a t o r y  a c t i v i t i e s  i n  t h e  the rmoregu la -  

t o r y ,  c a r d i o v a s c u l a r ,  b e h a v i o r a l ,  and hormonal sys t ems .  While  

t h e  long- te rm g o a l s  of  s t u d y i n g  t h e s e  phenomena have  i m p l i c a t i o n s  

f o r  u n d e r s t a n d i n g  of t h e  mechanism of l i f e  p r o c e s s e s  and t h e  

workings  of  e n t i r e  p h y s i o l o g i c a l  s y s t e m s ,  a more d i r e c t  g o a l  f o r  

space b i o l o g y  and med ic ine  i s  i n  m o n i t o r i n g  and e v a l u a t i n g  t h e  
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physical condition and well being of astronauts during space 
flight missions. 

The Exobiology research program has dual objectives of 
understanding the controlling factors in the origin of life, 
and determining the uniqueness of life on earth, The research 
ranges from the analysis of fossil remains and simulation of 
planetary atmospheres and other environmental extremes to the 
development of automated life detection equipment intended to 
increase the reliability of the data by broadening the basis 
for analysis of individual samples, In addition to the biological 
interest in Mars, laboratory experiments now suggest that orgarlic 
synthesis may be occurring on Jupiter which has a primitive re- 
ducing atmosphere. The development of prototype instrumentaticn 
for exobiologic studies on the Martian surface is needed as a 
precursor to flight instrument developed for an early Mars 
lander, The life detection and organic analytical techniques 
developed in various laboratories must now be converted into 
flight instruments which in turn must be tested and integrated 
into a suitable payload so as to achieve the scientific objec- 
tives of the exobiology proqram. Such work must be done in FY 
1969 and 1970 in order to support Viking a 1973 Mars lander. 
and later missions, The development of this instrumentation is 
considered to be the most important single item in the Ria- 
science Supporting Research and Technology project and is extreme1 
critical to the Viking mission, The entire increase in the Bio- 
science SR&T project- has been requested for this purpose 

The B:oscience Communications pro-~ect was established to 
increase effective communication between NASA program scientists 
and administrators and scientists in universities ~ industry, and 
other government agencies, Through support of -- ad hoc and inter- 
disciplinary conferences, synposia, scientific training programs, 
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r e s e a r c h  literature and r e p o r t s ,  and t h e  Space  S c i e n c e  Board 

of t h e  N a t i o n a l  Academy of S c i e n c e s ,  t h e  p r o j e c t  works toward 

a more comple te  exchange of information and i .deas w i t h i n  t h e  

s c i e n t i f i c  community.. 

Funding f o r  advanced programs and t e c h n c l o g y  is  used t o  d e -  

f i n e  t h e  r e q u i r e m e n t s  for f u t u r e  B i o s c i e n c e  m i s s i o n s  and t o  

d e v e l o p  s p e c l f i c  m i s s i o n  p l a n s  based  upon t h o s e  requirements 

I n  c o o p e r a t i o n  w i t h  t h e  o t h e r  l i f e  s c i e n c e  programs 1.n OART 

and OMSF, experiment p r i o r i t i e s  are  e s t a b l i s h e d  and s p e c i f ~ c  

p a y l o a d s  recommended for t h e  proposed  m i s s i o n s  

P l a n e t a r y  Q u a r a n t j n e  ( $ 3 , 0 0 0 , 0 0 0 1  -- -- 

E a r l  i e r  P 1 ane  t a r  y Quaran  t 1 ne ef f srts were d I r e c t e d  t oward 

r e d u c i n g  and a s s a y i n g  t h e  b i o l o g i c  contam1.natlon on spacecraf t  

and toward d e f i n i n g  d e c o n t a m i n a t i o n  and st.eri 1 i z a t i o n  p r o c e d u r e s  

needed t o  r e d u c e  t h a t  c o n t a m i n a t i o n  t o  levels r e q u i r e d  t o  main-- 

t a i n  t h e  p l a n e t s  f r ee  of t e r r e s t r i a l  3 ~ f e .  E x c e l l e n t .  reslilts 

have  been ach ieved  i n  iim!ting con? -amina t ion  i n  spacecraf t  

manufac tu re  and a s sembly ,  More r e c e n t l y .  s t u d i e s  have  been  

c o n t i n u i n g  t o  c r i t i c a l l y  examine v a r i o u s  f a c t o r s ,  inc.lud.1-ng 

~ n i c r o b i a l  r e s i s t a n c e  and s u r v i v a l  c h a r a c t e r i s t  I C S  t h a t  s u g g e s t  

m o d i f i c a t i o n  i n  s t e r i l i z a t i o n  methods and  p r o c e d u r e s ,  s o  t h a t  

p l a n e t a r y  q u a r a n t - l n e  r e q u i r e m e n t s  W J  11  be ach ieved  a t  Jess 

c o s t  a l o n g  w i t h  g r ea t e r  ease  and a s s u r a n c e . .  Of p a r t i c u l a r  vali ie 

have  b e e n  the r e s u l t s  0' s t u d i e s  of  t h e  p r o b a b i l i t y  o f  release 

of organ-isms b u r i e d  i n  t h e  s o l i d s  of t h e  s p a c e c r a f t  and growth 
o f  t e r res t r ia l  mic ro -  orqan i s m 5  i n  sev5r-e  env i ronmen t s  as  may be 

encoun te red  on Mars apd Venus. 

The P l a n e t a r y  Q u x a n t i n e  a c t i v i t y  i s  shown as a separate  

l i n e  i t e m  because of its d i r e c t  r e l a t i o n s h i p  t o  t h e  p l a n e t a r y  

flight proqram- C o n t i n u i n g  e f f o r t s  are b e i n g  made, b e f o r e  
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i n i t i a t i o n  of s p a c e  f l i g h t s  d e s t i n e d  t o  l a n d  on t h e  p l a n e t s ,  

t o  a s s u r e  adequa te  t echno logy  development i n  t h e  s o l u t i o n  of 

t h e  complex problems r e l a t e d  t o  t h e  p l a n e t a r y  q u a r a n t i n e  con- 

s t r a i n t s .  The f u n d i n g  i n c r e a s e  r e q u e s t e d  i s  i n  d i r e c t  s u p p o r t  

of t h e  Vik ing  m i s s i o n  

I n v e s t i g a t i o n s  i n  F Y  1970 are d i r e c t e d  towards  f u r t h e r  

s i m p l . i f y i n g  t h e  s t e r i l i z a t l o n  r e q u l r e m e n t s  and I n  d i r e c t  s u p p o r t  

of p l a n e t a r y  m i s s i o n s .  

B i o s a t e l l i t e  ~ $ 1 . 8 , 0 0 0 , 0 0 0 ~  

The biological e f f e c t s  of t h e  s p a c e  f l i q h t  envi ronment  are  

b e i n g  s t u d l e d  i n  t h e  B i o s a t e l l l t e  p r o j e c t ,  Dur lng  f l i g h t s  of 

B i o s a t e l l i t e  T and TI t h e  engineering d e s i g n  and i n t e g r a t e d  

o p e r a t i o n  of t h e  s p a c e c r a f t  s y s t e m s  w e r e  t h o r o u g h l y  checked o u t .  

The B i o s a t e l l i t e  I1 expe r lmen t  r e s u l t s  showed t h a t  t h e r e  w a s  

a n  i n t e r a c t i o n  between r a d i a t i o n  and w e l g h t l e s s n e s s  and o t h e r  

f a c t o r s  e n c o u n t e r e d  i n  space f l i g h t .  

B i o s a t e l l i t e  D ,  P r i m a t e  M i s s i o n ,  i s  t o  be f lown e a r l y  i n  

1969 and w i l l  c a r r y  a primate and s u b j e c t  t h e  animal t o  a l o n g -  

d u r a t i o n  p e r l o d  of w e i g h t l e s s n e s s  !up t o  30 d a y s )  and through 

e x t e n s i v e  I n s t r u m e n t a t i o n ,  w i l l  d e t e r m i n e  t h e  changes  t h a t  o c c u r  

t o  h i ?  c e n t r a l  nervous  sys tem and p h y s i o l o g y  The p r i m a t e ' s  

b r a i n  waves w i l l  be r e c o r d e d  and ana lyzed  as w i l l  i t s  c a r d l o -  

v a s c u l a r  sys t em per formance  ( t h r o u g h  e l - e c t r o c a r d i o g r a m s  1 , 1 ts 

a l e r t n e s s ,  memory' and c o o r d i n a t i o n  th rough  t h e  u s e  of a be- 

h a v i o r a l  t a s k  pe r fo rmance  p a n e l .  A l s o ,  t h r o u g h  t h e  u s e  of a 

un ique  automated and m i n i a t u r e  wet-chemistry l a b o r a t o r y ,  measure- 

ments  of c a l c i u m  and o t h e r  u r i n e  c o n s t j . t u e n t s  w i l l  be made t o  

d e t e r m i n e  t h e  changes  i n  body metabolism, 

Funding f o r  FU 1970 w i l l  p r o v i d e  f o r  c o n t i n u e d  development  

of t h e  primate e x p e r i m e n t ,  t h e  a n a l y s e s  of t h e  B i o s a t e l l i t e  D 
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f l i g h t  r e s u l t s  I the acceptance of the spacecraft  and prepasa- 
t i o n s  for launch of Biosa te l l i t e  F. 
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OFFICE OF SPACE SCIENCE AND APPLICATIONS 
SPACE APPLICATIONS PROGRAM - 

The objectives of the Space Applications program are to: 
(1 )  conduct a broad program of research and technical develop- 
ment oriented toward the application of space techniques tor 
the benefit of mankind: (2) expand the knowledge of atmospheric 
and space phenomena: (3) develop and test procedures, ~nstruments, 
subsystems, spacecraft I and interpretive techniques for the 
various applications: ( 4 )  fulfill NASAOs responsibilities under 
the Communications Satellite Act of 1962; ( 5 )  develop and im- 
plement for the Environmental Science Services Administration 
( E S S A ) ,  Department of Commerce, the operational meteorological 
satellite system; and (6) cooperate with the user government 
agencies such as the Departments of Agriculture, commerce, In- 
terior.. and Department of the Navy through the Earth Resources 
Survey Program Review Committee to achieve the practical bene- 
fits to mankind in earth resources, 

Effort in the Space Applications program is directed to- 
,A:LK~ research, development, and flight test of experiments, sub- 
systems, and spacecraft in the areas of applications technology, 
communications earth resources ~ geodesy, meteorology, and 
navigat7on and includes dev2lopment of operational systems for 
user agencies. 

Through these efforts the knowledge and tcc-hnology of space 
are applied to the solution of the practical problems of man- 
kind, Examples Qf these applications are: ( 11 improved weather 
foreca.=ti?a through more knowledge and better understanding of 
 he itmosphere and its content and energy’ ( 2 )  improvement of 
communication techn!ques through understanding and expansion of 



1 

t h e  f r e q u e n c y  s p e c t r u m ,  development  o f  space a n t e n n a  d e s l g n s  

and p o i n t i n g  a c c u r a c i e s  and i n c r e a s i n g  m u l t l - a c c e s s  capabilities; 

( 3 )  i n c r e a s i n g  o u r  knowledge of t h e  s i z e  and shape  o€ t.he e a r t h  

th rough  t h e  a c q u i s i t l o n  of g l o b a l  datum; and (4) be t t e r  under-  

s t a n d i n g  and a s ses smen t  of t h e  f a c t o r s  a f f e c t i n g  t h e  a g r i c u l t u r e  

env i ronmen t ,  water r e s o u r c e s ,  and s o i l  and t e r r a i n  c o n d i t i o n s .  

The Space  A p p l i c a t i o n s  f l i g h t  programs i n c l u d e  T l r o s ,  Nimbus, 

Synchronous M e t e o r o l o g i c a l ,  A p p l i c a t l o n s  Technology,  G e o d e t l c ,  

and E a r t h  Resources  Technology S a t e l l i t e s .  P lanned  l a u n c h e s  d u r -  

i n g  t h e  F Y  1970 p e r i o d  i n c l u d e  ATS-E, Nimbus D ,  a number of 

M e t e o r o l o g i c a l  Sounding R o c k e t s ,  s u p p o r t  t o  t h e  T i r o s  O p e r a t i o n a l  

S a t e l l i t e  System funded  by ESSA, and s u p p o r t  of l a u n c h e s  f o r  

t h e  I n t e l s a t  111 se r i e s  f o r  COMSAT. I n  F Y  1 9 7 0  e f f o r t  w l l l  be 

i n i t i a t e d  on hardware  procurement  f o r  two E a r t h  Resources  Tech- 

nology S a t e l l i t e s  (ERTS) p l anned  f o r  l aunch  i n  1971 and 1972 
and on two Synchronous M e t e o r o l o g i c a l  S a t e l l i t e s  (SMS) p lanned  

for l aunch  i n  1971 and 1973. 

RESOURCES REOUJRED: 

S u p p o r t i n g  r e s e a r c h  and t e c h -  

TTROS/TOS improvements-  - . 
Nimbus, I . - e .) . (I e 

Synchronous m e t e o r o l o g i c a l  
s a t e l l i t e  . . .I - , = . . 

M e t e o r o l o g i c a l  sound ings .  ,, . 
Cooper a t  i ve app l  1 c a t i o n s  

s a t e l l i t ?  , . _ I s " .  

" p l i c a t i o n s  t e c h n o l o g y  
s a t e l l i t e  , - . . * * 

G e o d e t i c  s a t e l l i t e s  , . I 

E a r t h  r e s o u r c e s  s u r v e y ,  . I e e 

A i r c r a f t  p rog ram,  ~ . .I 

nology/Advanced s t u d i e s  - " . 

(Thousands of D o l l a r s )  
1968 1969 1970 

$19" 300 $19,600 $ 22,400 
9 I 100 5 I 800 5,200 
33,700 31 I 800 29,200 

--- --- 3 I 600 
3,000 3,000 3 I 000 

100 100 100  

25,600 24 I 700 44 ~ 2 0 0  

(5,300) (9,200) ( 1 1 , 0 0 0  1 

3,400 2,400 3,000 
5 ~ 300 11 200 25,100 

E a r t h  r e s o u r c e s  t e c h n o l o g y  
s a t e l l j t e  . , ' , a n n  ( - - - )  (2,000) 1 4 , 1 0 0 )  

T o t a l .  I I )  e + $99,500 $98 600 $135,800 
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WHY FUNDS REQUIRED:  

S u p p o r t i n q  Research and Technoloqy -- ($22,400, ,000 1 

The o b - ~ e c t i v e s  of  t h e  s u p p o r t i n g  research and t echno logy  

are t o  conduc t  programmatic  and p r o ; e c t  o r i e n t e d  t e c h n o l o g i c a l  

deve lopment ,  fundamenta l  s t u d i e s ,  component and subsys tem d e -  

s i g n  m a t e r i a l s  improvement research,  and advanced m:ssion 
s t u d i e s  t o  d e t e r m l n e  f e a s i b i l i t y  and concep tua l  charac te r i s t ics .  

The  e f f o r t  i n c l u d e s  s u p p o r t i n g  a c t i v i t i e s  in t h e  a p p l i c a t i o n s  

d i s c i p l i n e s  ( a p p l i c a t i o n s  t echno logy  communicat ions e a r t h  re- 

s o u r c e s  I g eodesy ,  me teo ro logy ,  an.d n a v i g a t i o n )  and a number of 

i n t e r d i s c i p l i n a r y  a c t i v i t i e s ,  F Y  1 9 7 0  f u n d s  are  r e q u i r e d  t o  

m a i n t a i n  t h e  c u r r e n t  l e v e l  of s u p p o r t i n g  research and t echno logy  

e f f o r t s  i n  t h e  s e p a r a t e  a p p l i c a t i o n s  d i s c i p l i n a r y  a r e a s  and t o  

place increased emphas is  on c e r t a i n  t e c h n o l o g y  areas I p a r t i c u l a r l y  

development  of a u t o m a t i c  d a t a  processing c a p a b i l i t i e s  r e l a t e d  

t o  e a r t h  r e s o u r c e s  s u r v e y -  

T I R O S / T O S  Improvements ( $ 5 , 2 0 0 , 0 0 0 )  

T h e  o b - ~ e c t i v e s  of  th1 s p r o j e c t  are:  (1) t o  p r o v i d e  re- 

search and development  toward advanced m e t e o r o l o g i c a l  s a t e l l i t e  

sys t ems  p a r t i c u l a r l y  i n  s iApport  of t h e  TIROS O p e r a t i o n a l  System 

( T O S )  program, ( 2 )  t o  p r o v i d e  rnax7mum i n t e r l m  o p e r a t i o n a l  d a t a  

for use  i n  weather anaijsis and f o r e c a s t - ~ - n g ;  ( 3 )  t o  measure 

e m i t t e d  i n f r a r e d  and r e f l ec t ed  solar r a d i a t i o n  i n  selected 

s p e c t r a l  r e g i o n s ;  and (4) t o  o b s e r v e  c loud  c o v e r  and p a t t e r n s ,  

and measure t h e  e a r t h  a tmosphere  hear. b a l a n c e ,  

Nine TTRQS r e s z a r c h  and development  s p a c e c r a f t  .funded by  

NASA and  n i n e  o p e r a t i o n a l  spacecraft  funded by ESSA have  been 

s u c c e s s f u l l y  launched Curren t  development  e f f o r t  by NASA 1s 
t o  comple te  t h e  TIROS M s p a c e c r a f t  for l aunch  i n  second q u a r t e r  
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of c a l e n d a r  y e a r  1969,  Under TOS Improvements,  e f f o r t  w i l l  be 

c o n t i n u e d  i n  t h e  development  of advanced s e n s o r s  and subsys t ems  

such  as h igh  r e s o l u t i o n  r a d i o m e t e r s  and a t t i t u d e  d e t e r m i n a t i o n  

sys t ems  which w i l l  be i n c o r p o r a t e d  i n t o  f u t u r e  o p e r a t i o n a l  

spacecraft .  F Y  1970 f u n d s  are r e q u i r e d  f o r  p o s t  l aunch  s u p p o r t  

and d a t a  a c q u i s i t i o n  and h a n d l i n g  f o r  T I R O S  M, f o r  c o n t i n u e d  

s e n s o r  and subsys tems development  f o r  TOS Improvements and f o r  

a sys t ems  d e f i n i t i o n  s t u d y  f o r  a f u t u r e  spacecraft  sys t em 

(TIROS N). 

Nimbus ( $ 2 9 , 2 0 0 , 0 0 0 )  

The o b j e c t i v e s  of t h i s  p r o j e c t  are t o  d e v e l o p  a s i g n i f i c a n t l y  

improved m e t e o r o l o g i c a l  s a t e l l i t e  t o  p r o v i d e  d a t a  f o r  u s e  by the  

s c i e n t i f i c  community; t o  c a r r y  o u t  f l i g h t  tests t o  p r o v e  t h e  a p p l i -  

c a b i l i t y  of t h e  i n s t r u m e n t a t i o n ;  t o  f u l f i l l  spec ia l  d a t a  r e q u i r e -  

ments  of t h e  a t m o s p h e r i c  s c l e n c e s  r e s e a r c h  community which c a n  be 

p r o v i d e d  u n i q u e l y  by t h i s  i n s t r u m e n t a t i o n  f u n c t i o n i n g  as a space 

m e t e o r o l o g i c a l  o b s e r v a t o r y  and t o  p r o v i d e  t h e  basis  f o r  f u r t h e r  

s i g n i f i c a n t  t e c h n o l o g i c a l  advances  i n  m e t e o r o l o g i c a l  s a t e l l i t e s  
f o r  o p e r a t i o n a l  as w e l l  as s c i e n t i f i c  u s e s ,  These o b j e c t i v e s  

w i l l  be ex tended  i n  t h e  Nimbus E and F m i s s i o n s  t o  d e v e l o p  an  

a p p l i c a t i o n s  o b s e r v a t o r y  i n  p o l a r  o r b i t  a t  l o w  t o  medium a l t i t u d e  

t h a t  w i l . 1  f l i g h t  t es t  t e c h n o l o g y  and e x p e r i m e n t s  f o r  me teo ro logy  

and o t h e r  a p p l i c a t i o n s  d i s c i p l i n e s .  

Seven spacecraf t  are  i n  t h e  se r ies  of which two have  been  

s u c c e s s f u l l y  1-aunched: Nimbus I ,  2 8  August  1964 ,  and Nimbus 11. 

15 May 1966.  A t h i r d  spacecraf t  l a u n c h ,  18 May 1968,  w a s  l o s t  

due  t o  l a u n c h  v e h i c l e  f a i l u r e .  Immedia te ly  t h e r e a f t e r  , a c t i o n  

w a s  i n i t i a t e d  t o  p r o v i d e  a r e p l a c e m e n t  f o r  t h i s  l a u n c h .  T h i s  

m i s s i o n ,  i d e n t i c a l  t o  t h e  Nimbus B c o n f i g u r a t i o n ,  has  been desig- 

n a t e d  B2 and i s  s c h e d u l e d  t o  be launched  i n  F Y  1969 ,  D i n  1970 ,  
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E in 1972, and F in 1973. 
FY 1970 funds are required for continued data acquisition 

and analysis of spacecraft in orbit; to complete, test and launch 
Nimbus D: and to continue the development o f  Nimbus E and F 
spacecraft and selected experiments. 

Synchronous Meteoroloqical SatellLte (SMS) ($3,600,000) 

The objectives of the Synchronous Meteorologlcal Satellite 
ISMS) are to: (1) demonstrate a prototype operational SMS; ( 2 )  

permit continuous observation of malor weather systems routinely, 
thus enhancing the ability to predict and locate severe short- 
lived storms; (3) derive important wind field data over con- 
siderably larger areas and in much less time than heretofore 
possible; and ( 4 )  provide capability for rapid dissemination o f  

processed meteorological data to local meteorologists. 
Feasibility and project definit.ion studies were completed 

in FY 1968, FY 1970 funds are requlred to undertake the design 
and development of two SMS satellites capable o f  continuous 
weather observations analysis of cloud motions through observa- 
tions that WI 11 permit derivatlon of 1.mportant wind fields, and 
Eor obtaining other signi-ficant meteorological data from syn- 
chronous altitude- 

_ I ~  M e t e o r o l o y i c a l S o u n d l n g s O )  -. - 

The objecti.ves of t h i s  project are to investigate the 
structure and characteristics of the atmosphere through the use 
of sounding rockets ar_d to develop a small inexpensive meteoro- 
logical sound1,ng r o c k e t  system* Three areas of effort are in- 
volved: (1) large research sounding rockets to explore the 
characteristics and phenomena of the atmosphere between 30 and 
about 100 km which is otherwise inaccessible, ( 2 )  the development 
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of an i n e x p e n s i v e  o p e r a t i o n a l  m e t e o r o l o g i c a l  sounding  r o c k e t  

sys tem c a p a b l e  of r e l i a b l e  l a u n c h e s  amenable t o  t h e  r e q u i r e m e n t s  

f o r  r a n g e  s u p p o r t ,  r e s e a r c h ,  and network o p e r a t i o n s ;  ( 3 )  sound- 

i n g  r o c k e t  f b e l d  expe r imen t  s u p p o r t ,  which ,  th rough c o o p e r a t i o n  

w i t h  o t h e r  c o u n t r i e s ,  p r o v i d e s  f o r  t h e  e s t a b l i s h m e n t  of se l f -  

s u s t a i n i n g  c a p a b i l i t i e s  f o r  c o o r d i n a t e d  m e t e o r o l o g i c a l  sounding  

r o c k e t  l aunches  from s i t e s  t h a t  w i l l  c o n t r i b u t e  m u t u a l l y  v a l u a b l e  

d a t a .  Approximately 50 l a r g e  research r o c k e t s  and about  1 2 5  

s m a l l  development r o c k e t s  are launched  each y e a r -  F Y  1970 f u n d s  

are r e q u i r e d  t o  p r o c u r e  a d d i t i o n a l  l a rge  research and s m a l l  de- 

ve lopmenta l  r o c k e t s  ~ f l i g h t  t e s t  v a r i o u s  payload  e x p e r i m e n t s ,  

improve r o c k e t  per formance  and t o  c o n t i n u e  f i e l d  exper iment  pro-  

j ec t s  w i t h  o t h e r  c o o p e r a t l n g  c o u n t r i e s  t o  o b t a i n  a d d i t i o n a l  

a tmosphe r i c  research d a t a ,  

C o o p e r a t i v e  A p p l i c a t i o n s  S a t e l l i t e  ($100,000) 

T h i s  c o o p e r a t i v e  p r o j e c t  b e t w e e n  t h e  Uni ted  S t a t e s  and F rance  

i n  s p a c e  meteoro logy  c o n s i s t s  of d e v e l o p i n g  in s t rumen ted  b a l l o o n  

t e c h n i q u e s  t o  be u t i l i z e d  i n  c o n j u n c t i o n  w i t h  an ea r th  o r b i t i n g  

s a t e l l i t e  f o r  t h e  pu rpose  of o b t a i n i n g  the  cha rac t e r i s t i c s  o f  a i r  

masses p a r t i c u l a r l y  i n - s i  t e  measurements o f  speed  and wind 

d i r e c t i o n  a t  v a r i o u s  a l t i t u d e s .  T h e  m e t e o r o l o g i c a l  d a t a  o b t a i n e d  

w i l l  be used by U , S .  and F r e n c h  s c i e n t i s t s  t o  a s s i s t  i n  under- 

s t a n d i n g  t h e  s t r u c t u r e  of t h e  atmosphere and ex tended  weather 

f o r e c a s t i n g  c a p a b i l i t y .  One s p a c e c r a f t  and one backup w i t h  i n -  

s t r u m e n t s  w i l l  be p rov ided  by F r a n c e .  T h e  s p a c e c r a f t  w i l l  be 

launched  by NASA i n  1 9 7 0  t o  g a t h e r  d a t a  from approx ima te ly  500 

b a l l o o n s ,  deve loped  and launched  by F r a n c e  I n  t h e  S o u t h e r n  

Hemisphere,  S a t e l l i t e  t r a c k i n g  and d a t a  a c q u i s i t i o n ,  r e d u c t i o n  

and a n a l y s i s  w i l l  be p rov ided  by F r a n c e ,  a f t e r  i n i t i a l  t r a c k i n g  

by NASA, The U,S. w i l l  p r o v i d e  t h e  S c o u t  l aunch  v e h i c l e ,  and 
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backup i f  r e q u i r e d  l aunch  s e r v i c e s ,  3 n i t i a l  s a t e l  1 L t e  t r a c k i n g  I 

and a n a l y s i s ,  a l o n g  wi th  F r a n c e ,  o f  t h e  reduced  da t - a ,  

FY 1970 f u n d s  are r e q u i r e d  t o  c o n t j n u e  t e c h n i c a l  s u p p o r t ,  

p r o c u r e  t h e  Scou t  l aunch  v e h i c l e s ,  and p r o v i d e  f o r  l aunch  and 

p o s t  l aunch  s u p p o r t ,  

A p p l i c a t i o n s  Technology --_ S a t e l l i t e s  ( $ 4 4 , 2 0 0  ,000) 

The o v e r a l l  o b j e c t i v e s  of  t h i s  p r o l e c t  a r e  :lo d e s i g n ,  de -  

v e l o p ,  f l i g h t  t e s t  and e v a l u a t e  a v a r i e t y  of scientific and t ech -  

n o l o g s c a l  e x p e r i m e n t s  i n  t h e  s p a c e  a p p l i c a t i o n s  d i s c i p l i n e s  by 

u s e  o f  a series of s p a c e c r a f t  most. of which a r e  launched i n t o  

synchronous  o r b i t .  Seven s p a c e c r a f t  are i n  t h e  s e r i e s  of which 

f o u r  have  b e e n  launched  t o  da t e  one p lanned  f o r  medium a l t i t u d e  

and t h r e e  f o r  synchronous  o r b i t .  Howevern due t o  Launch v e h i c l e  

a n o m a l i e s ,  two p lanned  o r b i t s ,  medium a l t i t u d e  of  ATS I1 and 

synchronous  o r b i t  of ATS TV were n o t  a c h i e v e d ,  T h r e e  a d d i t i o n a l  

s p a c e c r a f t  are b e i n g  developed  f G r  l aunch :  ATS-E € o r  l aunch  i n  

CY 1 9 6 9 ,  F i n  1 9 7 2 ,  and G i n  1974-  A T S - E  w i l l  f l i g h t  t e s t  an  

e x p e r i m e n t a l  t h r e e -  a x i s  g r a v i t y  g r a d i e n t  s t a b i l b z a t i o n  sys tem 

f o r  s p a c e c r a f t  111 g e o s t a t i o n a r y  o r b y t .  t e s t  a m i . 1 l T m e t e r  wave 

expe r imen t  and  L-barid communications e x p e r i m e n t ,  and w i l l  measure 

t h e  environment- qf tbk- q e o s r a t i o n a r y  orbit. AI’S-F and G a l s o  

w i l l  be launched  in synchronous o r b i t  t o  f l i g h t  test- a s p a c e  

erectable  pa rabo l  1c ar i renna,  approxLmately 30 feet  i n  d i a m e t e r ,  

and c a p a b l e  of  a c c u r a t e  p c i n t i n g  t o  about  .1 d e g r e e  of arc. 

A number of addl tional s c i e n t x f i c  and t e c h n o l o g i c a l  e x p e r i m e n t s  

will alscb bp f ’ 1 g Y t  ? ? f e d  on t h e s e  mis szons  E f f o r t  w i l l  a l s o  

c o n t i n u e  ir, FY 1 9 7 C  t o  d e v e l o p  p romis ing  advanced e x p e r i m e n t s  

w h i c h  have  been d e f i n e d  b u t  have  not been  a s s i g n e d  t o  a s p e c i f i c  

f l i g h t  r n i s s i c n ,  

FY 197Q funds  are  r e q u i r e d  t o  comple te  development  of t h e  



ATS-E spacecraf t  and a s s o c i a t e d  expe r imen t s  i n  p r e p a r a t i o n  f o r  

l aunch  i n  t h e  t h i r d  q u a r t e r  o f  CY 1 9 6 9 ,  t o  comple te  t h e  space- 

c r a f t  d e s i g n  f o r  ATS-F&G, i n i t i a t e  development  of t h e s e  space- 

c r a f t  and s e l e c t e d  e x p e r i m e n t s ,  and c o n t i n u e  development  of 

advanced a p p l i c a t i o n s  e x p e r i m e n t s -  

Geode t i c  S a t e l l i  t e s  ( $ 3 , 0 0 0 , 0 0 0 )  

The o b j e c t l v e s  of  t h i s  p r o j e c t  are t o  s u p p o r t  t h e  N a t i o n a l  

Geode t i c  S a t e l l i t e  Program ( a  j o i n t  NASA/DOD/DOC program under  

NASA management) and t o  d e v e l o p  t h e  a p p l i c a t i o n  of  g e o d e t i c  

s a t e l l i t e  t e c h n i q u e s  t o  s o l i d - e a r t h  geophys ic s  and oceanography,  

Three  g e o d e t i c  s a t e l l i t e s  have been l a u n c h e d ,  PAGEOS I ,  

2 3  J u n e  1966; GEOS I, 6 November 1965;  and GEOS 11, 11 J a n u a r y  

1968, D a t a  o b t a l n e d  from t h e s e  l a u n c h e s  are u t i l i z e d  i n  t h e  

e s t a b l i s h m e n t  of a u n i f i e d  worldwide g e o d e t i c  datum, E f f o r t  w i l l  

be i n i t i a t e d  i n  FY 1970 f o r  a n  a d d i t i o n a l  m i s s i o n  IGEOS-C) f o r  

l aunch  i n  l a t e  CY 1970 ,  t o  o b t a i n  t h e  a d d i t i o n a l  d a t a  r e q u i r e d  

t o  m e e t  t h e  g rav ime t r i c  o b j e c t i v e  of t h e  N a t i o n a l  Geodetac S a t e l l i t e  

Program, and t o  d e m o n s t r a t e  t h e  f e a s i b i l i t y  o f  employlng a geo- 

d e t i c  s a t e l l i t e  r a d a r  a l t ime te r  t o  measure t h e  mean sea l e v e l  of  

tile oceans  F Y  1970 f u n d s  a re  r e q u i r e d  for c o n t i n u e d  d a t a  a c q u i -  

s i t i o n  and a n a l y s i s *  and for p r e p a r a t i o n s  f o r  t h e  GEOS-C m i s s i o n .  

E a r t h  Resources  Survey  ($2s.loq,ooo) 

The o b j e c t i v e s  of  t h i s  p r o j e c t  are t o :  (1) assess t h e  

p r a c t i c a l  v a l u e  of  remote  s e n s i n g  of e a r t h  r e s o u r c e s  from space; 

( 2 )  compare t h e  c a p a b i l i t i e s  i n  e a r t h  r e s o u r c e s  d a t a  a c q u i s i t i o n  

of a space system v e r s u s  a i r c r a f t ;  ( 3 )  d e t e r m i n e  w h e t h e r ,  and i n  

what c o n f i g u r a t i o n ,  a n  o p e r a t i o n a l  s p a c e - a s s i s t e d  u s e r - o r i e n t e d  

e a r t h  r e s o u r c e s  s u r v e y  sys t em s h o u l d  be p u r s u e d ;  ( 4 )  d e t e r m i n e  

which remote  s e n s o r s  are most e f f e c t i v e  f o r  e a r t h  r e s o u r c e s  su rvey-  
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ing; ( 5 )  develop and improve data handling procedures; and ( 6 )  

ensure full understanding of operational system requirements 
and costs. 

This project includes two activities in the earth resources 
disciplines: (1) an aircraft flight program to develop and test 
remote sensing techn~ques. sensors, and data handling systems at 
altitudes from 500 feet to above SOtO@O feet altitude: and ( 2 )  

to design& develop, launch, and evaluate two spacecraft carry- 
ing earth resources experiments 

The objectives of the aircraft program are to promote the 

development, modification, calibration" and test of remote sensors 
being planned for future space missions and to contribute to the 
development of data handling and analysis techniques needed be- 
fore earth resources space hardware becomes available" Three 
aircraft are utilized in this activity, each equipped wlth a 
variety of sensors and data handllng subsystems to obtain earth 
resources data, Aircraft. flights are conducted over a number of 
domestic and foreign test sites) 

The objectives of the Earth Resources Technology Satellite 
(ERTS) are to design develop, launch and test a series of space- 
craft conducting a variety of experiments in the earth resources 
disciplines 

Effort In the e a r t h  resources survey is coordinated with other 
user agencies throuqh the Earth Resources Survey Program Review 
Commi t t e z  which incl i lues  representatives from Departments of 
Agriculiure, Cornmerce~ Interior and Navy, and I S  chaired by NASA. 

F Y  1970 fur3.: >re required to continue aircraft operations, 
sensor procurement, data proc~ssing and to conduct about 50 flights 
over 60 t es+  sites a n d  to in:tia+e spacecraft and sensor hardware 
development for t w o  ERTS spacecraft. 
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OFFICE OF SPACE SCIENCE AND APPLICATIONS 

LAUNCH VEHICLE PROCUREMENT PROGRAM 

The o b j e c t i v e  of t h e  Launch V e h i c l e  Procurement  program is  

t o  p r o v i d e  launch  v e h i c l e s  and r e l a t ed  s e r v i c e s  t o  s u p p o r t  m i s s i o n  

r e q u i r e m e n t s  and t o  improve e x i s t i n g  v e h i c l e s  t o  s u p p o r t  f u t u r e  

m i s s i o n  needs .  O p e r a t ~ o n a l  v e h i c l e s  c u r r e n t l y  b e i n g  p r o c u r e d  

are: S c o u t ,  D e l t a ,  Thor A g e n a ,  and Cen tau r .  I n  a d d i t i o n  t o  
these  v e h i c l e s ,  i n i t i a l  f u n d i n g  f o r  t h e  T i t a n  I11 C i s  a l s o  i n -  

c l u d e d  i n  F Y  1970. I n t e g r a t i o n  of t h e  Cen tau r  stage w i t h  t h e  

T i t a n  b o o s t e r  i s  b e i n g  i n i t i a t e d  t o  s u p p o r t  t h e  Vik ing  m i s s i o n .  

RESOURCES REQUIRED: 

(Thousands of D o l l a r s )  
1968 1969 19  70 

S u p p o r t i n g  r e s e a r c h  and tech- 
nology/advanced s t u d i e s  " e . 

S c o u t . ,  . 7 "  0 .  e 0 n e c 0 

D e l t a ,  ,> # .  L. e (. 

A g e n a ,  e + e .  e = .  . 
C e n t a u r  . . . a - . e 

T i t a n  111 C e ,, e . 
T o t a l .  . I e I )  ., 

$ 4,350 
10 200 
3 3  696 

7 999 
68 ~ 305 

$124,550 

$ 4,000 $ 4,000 
1 2  , 600 1 5  , 700 
24 000 33  , 700 
11,900 7,300 
47 I 700 57,600 

--- 5,900 

$100,200 $124,200 

WHY FUNDS REQUIRED: 

S u p p o r t i n q  Resea rch  and Technoloqy/  

Advanced S t u d i e s  ($4 ,000,000)  

Under t h l s  p r o j e c t  l a u n c h  v e h i c l e  r e q u i r e m e n t s  t o  s u p p o r t  

f u t u r e  m i s s i o n s  a r e  d e f i n e d  and new t e c h n o l o g y  r e q u i r e d  f o r  ad- 

vanced m i s s i o n s  1s deve loped  i n  a t i m e l y  and o r d e r l y  manner. I n  

F Y  1968 and F Y  1969 advanced s t u d i e s  e f f o r t s  have  been  d i r e c t e d  

toward t h e  Centaur /Burner  I1 i n t e g r a t i o n ,  S a t u r n  S-IVB/Centaur 
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integration, and solar-electric propulsion. In FY 1970 advanced 
studies are planned in the areas of chemical and electric high- 
energy upper stages, FY 1969 supporting research and technology 

efforts are being conducted in five disciplines of launch vehicle 
technology: Propulsion and energy conversion, guidance, control 

and navigation, instrumentation and electronics I structures and 
materials, and vehicle eng.ineering, In FY 1970 efforts in these 
areas will be continued- 

---- Scout ($15 1 7 0 0 , , o o ~  

Scout is the smallest launch vehicle in the NASA vehicle 
family, It is capable of lifting small payloads into earth 
orbit and performing small probe and reentry missions, FY 1970 
funds €or procurement of Scout vehicles wlll be utilized to pur- 
chase vehicle hardware, production systems engineering and manage- 
ment I vehicle checkout and launch services maintenance and en- 
gineerlng services and vehicle improvements. 

Delta ($33 ~ 700,000) -- 
The Delta vehicle I S  capable of lifting a wide variety of 

med;um-s:zed payloads lnto earth orbit or launching smaller pay- 
loads intG deep space. It h a s  launched more meteorological, 
communications, and scientif I c spacecraft than any other NASA 

vehicle- Its - o n f 3 . g u r a t i o r ?  consists of a Thor booster, Delta 
second stage( apd a t h i r d  staqe as necessary to support given 
missions. FY 1970 funds w i l l  be utilized to procure first and 
second stage vehicles I 1 aunch services ~ and other supporting 
services. In addltion, funding will be necessary f o r  vehicle 
related engineering support and maintenance of ground support 
equipment, Vehicle improvements will also be continued. 
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Agena ( $ 7 , 3 0 0 , 0 0 0 )  

T h e  Thor Agena l aunch  v e h i c l e  i s  u t i l i z e d  f o r  p o l a r  o r b i t a l  

m i s s i o n s  which exceed the  c a p a b i l i t y  of  t h e  D e l t a  v e h i c l e .  T h e  

A t l a s  Agena v e h i c l e  w a s  phased o u t  o f  NASA u s e  d u r i n g  FY 1968. 

Dur ing  F Y  1970 f u n d s  w i l l  be r e q u i r e d  t o  p u r c h a s e  Agena upper  

s tages  and Thor b o o s t e r s  i n  a d d i t i o n  t o  a v a r i e t y  of l a u n c h  re- 
l a t e d  a c t i v i t i e s ,  

Cen tau r  ( $ 5 7 , 6 0 0 , 0 0 0 )  

T h e  Cen tau r  i s  t h e  l a r g e s t  v e h i c l e  sys t em employed by NASA 

e x c l u s i v e l y  f o r  automated s p a c e  m i s s i o n s .  I t  c o n s i s t s  of t h e  

A t l a s  b o o s t e r  and t h e  h i g h  e n e r g y  Cen tau r  upper  s tage .  T h i s  

v e h i c l e  i s  u n i q u e l y  q u a l i f i e d  t o  l aunch  h igh  v e l o c i t y  d e e p  

space and heavy e a r t h  o r b i t a l  m i s s i o n s .  Dur ing  FY 1970 f u n d s  

w i l l  be u t i l i z e d  f o r  procurement  of v e h i c l e  hardware  f o r  t h e  

O r b i t i n g  As t ronomica l  O b s e r v a t o r y ,  Mariner-Mars 1971,  P i o n e e r ,  

P l a n e t a r y  E x p l o r e r ,  and Mariner-Mercury 1973 m i s s i o n s .  I n  

a d d i t i o n ,  f u n d s  w i l l  be n e c e s s a r y  f o r  l aunch  s e r v i c e s  and o t h e r  

s u p p o r t i n g  a c t i v i t i e s ,  f o r  c o n t i n u a t i o n  of t h e  C e n t a u r  improve- 

ment program, and f o r  t h e  T i t a n  Cen tau r  i n t e g r a t i o n .  

T i t a n  I11 C ( $ 5 , 9 0 0 , , 0 0 0 )  

The T i t a n  I11 C v e h i c l e  is  c a p a b l e  o f  l i f t i n g  heavy pay- 

l o a d s  i n t o  e a r t h  o r b i t ,  I t  c o n s i s t s  of two f ive - segmen t  s o l i d  

s tages  and three  l i q u i d  p r o p e l l a n t  s tages .  T i t a n  I11 C w i l l  be 

p r o c u r e d  th rough  t h e  U . S .  A i r  Fo rce  which h a s  p r i m a r y  management 

r e s p o n s i b i l i t y  f o r  t h i s  v e h i c l e ,  Dur ing  F Y  1970 f u n d s  w i l l  be 

needed t o  i n i t i a t e  procurement  of  v e h i c l e s  and s e r v i c e s  f o r  t h e  

A p p l i c a t i o n s  Technology S a t e l l i t e  F and G missions. 
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SUSTAINING UNIVERSITY PROGRAM 
O F F I C E  O F  UNIVERSITY AFFAIRS 

The University program includes support from many elements 
of NASA. University investigators concelve and design the ma- 
jority of NASA space sc~ence experiments conduct extensjve 
supporting research I advise the agency of policy and technical 
issues, and, in the process train thousands of engineers, 
scientists, and managers for the national aerospace program. 
Through their particLpation. universitles gain new knowledge 
and experience necessary to their own advancement and for the 
development of responsive educational programs, 

The Sustaining University program supports university train- 
ing and research essential to the NASA effort which is outside 
the responsibility of other NASA organizations, These grants 
complement project research and field center activities but are 
generally broader and longer range than prolect research, Multi- 
disciplinary research and training activities are supported 
which include t h e  consideration of social and economic implica- 
tlons o f  scientific and technical advancement as well as those 
which promote c I oser working relationships amoriq universities 
industry and NASA Centers, Graduate training, summer fellow- 
ships, and research in areas where NASA has identified special 
needs .I such as management of technology and engineering systems 
design are supported under the Sustaining University program. 

The program is designed to bring the universities into 
closer partnership with NASA, It helps increase the nation's 
technological resources by sharing with the universities the re- 
sponsib? lity of determining directing and assessing research 
and training pursuits, This support is largely managed by the 
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u n i v e r s i t i e s ,  and t h e r e b y  p r o v i d e s  t h e  d i s t i n c t  b e n e f i t  of 

c o n t r i b u t i n g  t o  g r e a t e r  f i s c a l  and academic s t r e n g t h  i n  each  

u n i v e r s i t y ,  The program a l s o  has  t h e  e f f e c t  of  p r o v i d i n g  

greater  g e o g r a p h i c  d i s t r i b u t i o n  of r e s e a r c h  s u p p o r t  - 
RESOURCES REQUIRED:  

(Thousands of D o l l a r s )  
1969 19  70 -- 1968 

Research  , , _. $ 6 . 0 0 0  $ 5 , 0 0 0  $ 5 , 0 0 0  
A d m i n i s t r a t i o n  and Management, I, 500 1 , 5 0 0  1 500 

L ., 500 - 1,500 1,500 
E n g i n e e r i n g  Systems Des ign  - e 1 , 0 0 0  1 000 1 I 000 
Special  T r a i n i n g  , - . - 

$10,000 - $9 000 $ 9 , 0 0 0  

WHY FUNDS REQUIRED:  

Research  ( $ 5  -000 .OOO) 

The r e s e a r c h  e l emen t  of  t h e  Sus t a J  n i n g  Un ive r s i  t y  program 

s u p p o r t s  a c t l v l t i e s  t h a t  are b r o a d e r  b n  scope  and l o n g e r  r a n g e  

i n  n a t u r e  than  m i s s i o n  o r l e n t e d  p r o j e c t  r e s e a r c h ,  M u l t i d i s c i p l i n -  

a r y  approaches  t o  research are s t r e s s e d  and p a r t i c i p a t i n g  un i -  

v e r s i  t i e s  are g i v e n  ex tens i . ve  l o c a l  c o n t r o l  and f l e x i b i l i t y  t o  

assess and respond t o  broad  Agency needs  The emphas is  i s  on 

m u l t i d i s c i p l i n a r y  s t u d i e s  t h a t  i n c l u d e  t h e  s o c i a l ,  economic,  

and p u b l i c  p o l 1 . c ~  a s p e c t s  of  s c i e n t i f i c  and t e c h n i c a l  deve lop -  

m e n t s  T h i s  program a l s o  complements NASA s p r o j e c t  research 

and s u p p o r t s  a c t i v i t i e s  t h a t  encourage  the a p p l i c a t i o n  of aero-  

space research t o  t h e  u n d e r s t a n d l n g  and s o l u t i o n  of contemporary  

human p rob lems-  

W i t h  a budget  of $ 5  m i l l i o n  i n  F Y  1970,  t h e  r e s e a r c h  e l emen t  

of t h e  S u s t a i n i n g  U n i v e r s i t y  program w i l l  s u p p o r t  m u l t i d i s c i p l i n -  

a r y  programs a t  2 5  u n i v e r s i t i e s ,  A l i m i t e d  number of r e s e a r c h  

p r o j e c t s  w i l l  be s u p p o r t e d  a t  d e v e l o p i n g  i n s t i t u t i o n s  i n  coopera-  

t i o n  w i t h  NASA C e n t e r s ,  
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A d m i n i s t r a t i o n  and  Manaqement -- - ~ $ 1 , 5 0 0 , 0 0 0 )  
I-----I_-- 

The s u c c e s s  of f u t u r e  complex t e c h n o l o g i c a l  e f f o r t s  1s be- 

coming i n c r e a s i n g l y  dependent  or) t h e  e d u c a t i o n  and t r a i n i n g  of 

i n d i v i d u a l s  w i t h  a much b r o a d e r  u n d e r s t a n d i n g  of t h e  management 

p r o c e s s ,  as w e l l  as s c i e n c e  and t e c h n o l o g y .  T h i s  p o r t i o n  of t h e  

program 1s aimed a t  s u p p o r t i n g  t h o s e  f e w  ’ m i v e r s i t i e s  t h a t  have  

a r e s p o n s i b i l i t y  f o r  e d u c a t i o n  i n  t h e  f i e l d s  of a d m i n i s t r a t i o n  

and management, S t u d e n t s  and f a c u l t y  a s s o c i a t e d  w i t h  t h e s e  

programs are  encouraged  t o  u s e  t h e  f a c i l i t i e s  and m a n a q e r i a l  

s t a f f  of NASA and s i m i l a r  o r g a n i z a t i o n s  as a r e s e a r c h  l a b o r a -  

t o r y  t o  e n a b l e  them t o  g a i n  i n s i g h t  i n t o  t h e  r e a l i s t l c  problems 

of p u b l i c  management, T h e y  are g i v e n  access t o  d a t a ,  s y s t e m s ,  

and management e x p e r i e n c e s  not  u s u a l l y  availablen 
The $1 5 m i l l i o n  i n  FY 1 9 7 0  w i l l  be a l l o c a t e d  t o  c o n t i n u e  

s u p p o r t  f o r  r e s e a r c h  and t r a i n i n g  programs a t  t e n  u n i v e r s i t i e s .  

E n q i n e e r i n g  Systems Des ign  r$l,OOO 000) 
__--i_- 

The e n g i n e e r i n g  systems d e s i g n  e lement  b r i n g s  t o g e t h e r  t h e  

r e l e v a n t  e n g i n e e r i n g  s p e c s a l i s t s  a t  the d o c t o r a t e  l e v e l  t o  c rea te  

a research t e a m  t o  u n d e r t a k e  a major  sys t ems  d e s i g n  problem s u c h  

as a sate111 t e  communications system, T h e  d e s i g n  approach  u s e s  

and promotes  t h e  most r e c e n t  advances i n  b o t h  t h e  e n g i n e e r i n g  

and p h y s r c a l  s c  x ~ n c e s  ari6 7 .ncorpora tes  advanced i n f o r m a t i o n  and 

sys t ems  t h e o r i e s  as  part o f  g r a d u a t e  t r a i n i n g  programs.  

I n  F Y  1970 a blidg”t GF $ 1  m i l l i o n  w i l l  a l l o w  NASA t o  c o n t i n u e  

t h i  s u p p o r t  i-.f gradki;ite t j r u d e n t  s and s u p p o r t i n g  r e s e a r c h  i n  

e ~ g i n e e r i n s  ~:vst?~n,c c l e s i y n  a t  five i n s t i t u t i o n s .  

S p c i a !  T r a i n i n q  ( $ 1  ,500,000) 

A s  a e r o s p , c e  manpower d e f i c i e n c i e s  are  i d e n t i f i e d ,  t h e  

--. ------- I.._I 

S u s t a i n i n g  U r i r v e r s . + y  program r e sponds  w i t h  spec ia l  t r a i n i n g  
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activities to meet the new conditions and demands, A Summer 
Faculty Fellowship Program is designed to help young faculty 
members become familiar with the newest aerospace developments 
in engineering and science. A faculty fellowship program in 
systems engineering design brings young faculty members from 
different engineering and scientific dLsciplines together to work 
on space related problems requiring a team approach, Other 
activities of a specialized nature include summer institutes for 
upper division undergraduates to acquaint them with some of the 
substantive problems of space science and engineering; and post- 
M.D, training in aerospace medicine for a few selected medical 
doctors 

In FY 1970, $ 1 , 5  million is requested for continuation of 
these specialized training activities- 
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O F F I C E  OF ADVANCED RESEARCH AND TECHNOLOGY 

B A S I C  RESEARCH PROGRAM 

The B a s i c  Research  program s u p p o r t s  fundamenta l  r e s e a r c h  

i n  t h e  p h y s i c a l  and mathemat lca l  sc iences ,  I t  is  aimed a t  pro-  

v i d i n g  a n  u n d e r s t a n d l n g  of t h e  p h y s l c a l  phenomena p e r t i n e n t  t o  

o t h e r  NASA programs concerned w i t h  c u r r e n t  and f u t u r e  a i r c r a f t  

and s p a c e  a c t i v i t i e s ,  T h i s  b a s i c  r e s e a r c h  is c a r r i e d  o u t  p r i n -  

c l p a l l y  i n  NASA’s Research  and Space  F l i g h t  C e n t e r s  supplemented 

by i n v e s t i g a t i o n s  a t  u n i v e r s l  t i e s ,  i n d u s t r i a l  r e s e a r c h  l a b o r a -  

t o r i e s ,  and o t h e r  Government r e s e a r c h  c e n t e r s ,  Fundamental under- 

s t a n d i n g  of p h y s i c a l  phenomena i n  many f i e l d s  of s c l e n c e  i s  re- 

q u i r e d  t o  d e v e l o p  t h e  t echno logy  f o r  N A S A - s  programs,  B a s i c  

r e s e a r c h  i n  NASA. t h e r e f o r e ,  must encompass a wide spec t rum of 

d i s c i p l i n e s -  It r a n g e s  from v e r y  fundamenta l  s t u d l e s  i n t o  t h e  

n a t u r e  and p r o p e r t i e s  of atoms and molecu le s  t o  t h e  more a p p l i e d  

r e s e a r c h  areas such  as d e t e r m l n l n g  t h e  best mater ia l s  f o r  t h e  

s u p e r s o n i c  t r a n s p o r t  a i r p l a n e .  

RESOURCES REOUIRED: 

(Thousands of D o l l a r s )  
1968 1969 19 70 

S u p p o r t i n g  research and 
technology , - a $21,465 $21,000 $21,400 

T o t a l  - /. . ~ , $21,465 - $21 000 $21,400 
-- 

WHY FUNDS REQUTRED: 

The Bas i c  Research  program is d i v i d e d  i n t o  f o u r  broad 

d i s c i p l i n e s :  F l u i d  P h y s i c s ,  E l e c t r o p h y s i c s ,  Mater ia l s ,  and 

Applied Mathemat ics .  

The F l u i d  P h y s i c s  subprogram promotes  basic  r e s e a r c h  on aero-  
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dynamic and gas dynamic problems relevant to NASA oblectives in 
both aeronautics and space. During the past year the program 
has been reoriented t o  emphasize aeronautics problems. In aero- 
nautics, for example, prelimi~nary results show promise for under- 
standing and reducing sonic boom and noise.. A program of re- 
search on air pollution from aeronautics sources is beginning. 
Entry research continues with studies primarily concerned with 
experimental simulation and verification of theories regarding 
high speed entry- 

The objective of the electrophysics subprogram is to obtain 
a better understanding of fundamental electron-atom-molecule be- 
havior in an environment of acoustic, nuclear, electric, and 
magnetic forces, The research results are directly relevant to 
advancing communications technology plasma propulsion technology, 
and the technology associ~ated with several advanced space power 
supply systems 11 

The materials subprogram covers a broad spectrum of activities 
ranging from explorations of the behavior of materials in unusual 
environments to very fundamental studies to define t h e  relation- 
ship between atomic and electronic structure of solids and their 
physical and mechanical characteristics- Increased emphasis is 
being placed on those programs which are especially applicable 
to aeronautics? These include studies of ceramics and polymers 
for advanced composites for aircraft structures and propulsion 
systemsz Long range studies to determine feasibilLty of process- 
ing materials In space are a recent addition to the program, 

The applied mathematics subprogram is aimed at producing the 
new and improved mathematical techniques required to solve aero- 
nautics and space problems- The  areas of interest include the 
mathematics to optimize the control of spacecraft and the mathe- 
matics required for rendeTvous and for precise re-entry" 
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O F F I C E  O F  ADVANCED RESEARCH AND TECHNOLOGY 

SPACE VEHICLE SYSTEMS PROGRAM 

The Space V e h i c l e  Systems program i s  an a p p l l e d  r e s e a r c h  

and t echno logy  program d e a l i n g  w i t h  e n t r y  v e h i c l e  and launch  

v e h i c l e  aerothermodynamics wi th  l a u n c h  v e h l c l e  and  s p a c e c r a f t  

s t r u c t u r e s ,  w i t h  s p a c e c r a f t  env i ronmen ta l  p r o t e c t l o n  and c o n t r o l ,  

and w i t h  s p a c e  v e h i c l e  d e s i g n  c r i t e r i a . .  The o b j e c t i v e s  of t h e  

program are t o  conduct  r e s e a r c h  i n  l a b o r a t o r y  f a c i l i t i e s  and by 
s e l e c t e d  f l i g h t  expe r imen t s  t o :  P r o v i d e  b a s e l l n e  t e c h n o l o g l c a l  

i n f o r m a t i o n  r e q u i r e d  f o r  d e c i s i o n s  r e l a t i v e  t o  new s p a c e  v e h i c l e  

m i s s i o n  u n d e r t a k i n g s ;  p r o v i d e  t h e  advanced t echno logy  € o r  t h e  

c o n c e p t i o n  and d e s i g n  of f u t u r e  manned and unmanned s p a c e c r a f t  

and f o r  launch  v e h i c l e s ,  and encourage  and s u p p o r t  t e c h n o l o g i c a l  

i n n o v a t i o n s  i n  t h e  approach t o  space  v e h i c l e  d e s i g n  t o  p e r m l t  

new and u s e f u l  accompli  shmen ts 
Although t h e  p r i n c i p a l  f o c u s  f o r  t h e  advanced r e s e a r c h  and 

t echno logy  e f f o r t s  1s NASA v e h i c l e s  and m i s s i o n s ,  t h e  program 

a l s o  r e c o g n i z e s  and c o n t r i b u t e s  t o  r e l a t e d  DOD t echno logy  needs .  

A new a c t i v i t y  h a s  been i n i t i a t e d . .  p r o v i d i n g  a d a t a  bank f o r  

t h e  c o l l e c t i o n  and d i s s e m i n a t i o n  of i n f o r m a t i o n  on a e r o s p a c e  

s a f e t y  and p r o v i d i n g  for r e s e a r c h  programs I n  s e l e c t e d  areas of 

2F--ospace s a f e t y  , 
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RESOURCES REQUIRED: 

(Thousands of D o l l a r s  1 
1968 1969 1970 

Research and Technology: 

dynamics e I 

Space v e h i c l e  aerothermo- 

Space v e h i c l e  s t r u c t u r e s  e 

Space envi ronmenta l  p r o t e c -  

Space v e h i c l e  d e s i g n  

Aerospace s a f e t y  research, 

t i o n  and c o n t r o l  e 

c r i t e r i a  , ., , e - 

T o t a l ,  . I . n . n s  

$11,815 $ 9,605 $ 8,545 
9 ~ 779 9,771 8 980 

10 754 10 I 550 9 105 

1: 752 1 774 1,570 
1,800 - - -  --- 

$34,100 $31,700 $30,000 

WHY FUNDS REQUIRED: 

Research and  Technology ($8 545 I 000 

A p r imary  o b j e c t i v e  of t h i s  ongoing research d u r i n g  F Y  1970 
1s development of t echno logy  f o r  manned o r b i t a l  l o g i s t i c s  v e h l c l e s  

w i t h  t h e  g o a l s  of improved economy through l a n d  r e c o v e r y  and re- 

u s e  and improved o p e r a t i o n a l  f l e x i b i l i t y  through greater maneuver- 

a b i l i t y  d u r i n g  r e e n t r y .  

Research  w i l l  c o n t i n u e  a l s o  on a number of t e c h n i q u e s  € o r  

t e r m i n a l  d e s c e n t  and l a n d i n g  of s emiba l l i s t  i c  t y p e s  o f  space- 

c r a f t  l i k e  Apol lo  Of t h e s e ,  t h e  g l i d i n g  parawing  o f f e r s  promise  

f o r  e a r l y  a p p l i c a t i o n ,  and an ongoing l a r g e s c a l e  f l i g h t  program 

w i l l  c o n t i n u e  d u r i n g  F Y  1 9 7 0 .  

Another  major  o b j e c t i v e  is t o  d e v e l o p  t .echnology f o r  p l ane -  

t a r y  atmospher I c p r o b e s  and ha rd  l a n d e r s "  A l s o ,  P a r a c h u t e /  

d e c e l e r a t o r  f l i g h t  e x p e r i m e n t s  w i l l  i n v e s t i g a t e  deployment ,  per- 

formance and re11 a b i l i t y  o f  p l a n e t a r y  d e c e l e r a t o r  sys t ems  under  

c o n d i t i o n s  r e p r e s e n t a t i v e  of  deployment i n  t h e  atmosphere of Mars. 

Scou t - l aunched  r e e n t r y  t e c h n o l o g y  e x p e r i m e n t s ,  whlch d e a l  

w i t h  aerothermodynamic a s p e c t s  of a tmosphere e n t r y  f l i g h t ,  w l l l  

c o n t i n u e .  A p l a n e t a r y  atmosphere expe r imen t  w i l l  i n v e s t l g a t e  a 
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technique to use special measurements of vehicle motions and 
heating to determine the properties and composition of an un- 
known planetary atmosphere. A heat transfer and boundary layer 
transi tion experiment wi 11 measure heat transfer map the transi- 
tion region, and measure the acoustic environment. 

The cooperative NASA and USAF Lifting-Body Flight Research 
program will continue to investigate piloting problems and fly- 
ing and handling qual i ties of configurations representing advanc- 
ed concepts of manned reentry vehicles, During FY 1970, the 
HL-10 tests will move into the supersonic phase. The X-24A will 
begin flight tests, and the M - 2  will be modified and used as a 
research tool for investigating advanced lateral control tech- 
niques - 

Major objectives of the space vehicle structure subprogram 
relate to establishing new and improved concepts and developing 
advanced analysis and test techniques to permit future vehicles 
to achieve appropriate balance between performance, efficiency 

and cost, 
Emphasis will be given to structural concepts for manned 

lunar exploration involving expandable shelters and airlocks for 
near-term applications, Critical problems associated with or- 
bital space station structures will be studied also, 

Emphasis will be given to improving the effectiveness of 
structural test programs of launch vehicles to reduce costs with- 
out increasing the risk of failure, 

Unique structures are being studied to develop feasible con- 
cepts for orbiting radio telescopes 1,000 meters in diameter to 
operate at frequencies lower than 10 megahertz ( M H z ) . .  

The importance of meteoroid protectlon increases as space 
vehicles become larger and mission durations become longer. A 

flight experiment to investigate the effectiveness of meteoroid 
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bumpers w i l l  be u n d e r t a k e n  t o  p r o v i d e  c o r r e l a t i o n  w i t h  l a b o r a t o r y  

i n v e s t i g a t i o n s ,  F l i g h t  expe r imen t s  t o  o b t a i n  a d d i t i o n a l  d a t a  

on b o t h  t h e  n e a r - e a r t h  and i n t e r p l a n e t a r y  me teo ro id  envi ronments  

may be i n c l u d e d  on m i s s i o n s  conducted f o r  o t h e r  p u r p o s e s ,  

A s  more complex s p a c e  m i s s i o n s  are u n d e r t a k e n ,  t h e  need f o r  

a c t i v e  the rma l  c o n t r o l  sys t ems  i n c r e a s e s  a l s o ,  Emphasis w i l l  be 

p l a c e d  on development  of t e c h n i q u e s  f o r  more advanced and re- 

l i a b l e  t e m p e r a t u r e  c o n t r o l  of s p a c e c r a f t ,  

Two "piggyback" expe r imen t s  w i l l  be carr ied on t h e  NASA 

O r b i t i n g  Frog O t o l i t h  Exper iment ;  one is t o  v e r i f y  a new r a d i a -  

t i o n  dos ime t ry  t e c h n i q u e ,  t h e  o t h e r  is t o  q u a l i f y  i n  f l i g h t  a 

t h i n - f i l m  meteoro id  v e l o c i t y  s e n s o r ,  

The s p a c e  v e h i c l e  d e s i g n  c r i t e r i a  subprogram d e v e l o p s ,  

documents ,  and  p u b l i s h e s  c r i t e r i a ,  i n c l u d i n g  models of t h e  en- 

v i ronmen t s  t h a t  are a p p l i c a b l e  t o  t h e  d e s i g n  of s p a c e  v e h i c l e  

s t r u c t u r e s ,  p r o p u l s l o n  s y s t e m s ,  and gu idance  and c o n t r o l  sys tems.  

The  F Y  1 9 7 0  f u n d s  w i l l  be used t o  c o n t r a c t  f o r  t h e  s e r v i c e s  of 

t e c h n i c a l  e x p e r t s  o u t s i d e  of t h e  F e d e r a l  Government who have  

knowledge and e x p e r i e n c e  i n  f i e l d s  of c u r r e n t  i n t e r e s t -  

- Aerospace S a f e t y  Research ($1.800,000) 

T h e  o b j e c t i v e  of t h i s  new a c t i v i t y  i s  t o  i n s u r e  t h a t  NASA 

m a l - n t a i n s  and p u r s u e s  an adequa te  r e s e a r c h  program t o  p r o v i d e  

i n f o r m a t i o n  needed f o r  s a f e t y . .  An Aerospace S a f e t y  Research  and 

D a t a  I n s t i t u t e  has  been  e s t ab l l shed  a t  t h e  L e w i s  Research Cen te r  

which f u n c t i o n s  as a c e n t r a l  p o i n t  w i t h i n  NASA f o r  t h e  g a t h e r i n g  

of t e c h n i c a l  d a t a  and  c o o r d l n a t i o n  and s t i m u l a t i o n  of a n  a c t i v e  

research program f o r  1 ncreased s a f e t y  of a e r o s p a c e  a c t i v i t i e s .  

P r e l i m i n a r y  a c t i v i t i e s  r e l a t i n g  t o  t h e  e s t a b l i s h m e n t  o f  t h e  

T e c h n i c a l  D a t a  Bank and t h e  s u r v e y  and a n a l y s i s  of ongoing s a f e t y -  

re la ted  research and development a c t i v L t i e s  are underway. 
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O F F I C E  O F  ADVANCED RESEARCH AND TECHNOLOGY 

ELECTRONICS SYSTEMS PROGRAM 

T h e  o b j e c t i v e  of t h e  E l e c t r o n i c s  Systems program i s  t o  

i d e n t i f y  and s u p p o r t  endeavor s  fundamenta l  t o  new and con t inued  

p r o g r e s s  i n  e l e c t r o n i c  t echno logy-  Component and s y s t e m  p r o g r e s s  

i n  terms of pe r fo rmance ,  r e l i a b i l i t y ,  and c o s t  p r o v i d e  t h e  means 

f o r  t i m e l y  and e f f i c i e n t  a t t a i n m e n t  of f u t u r e  n a t i o n a l  g o a l s  i n  

a e r o n a u t i c s  and s p a c e ,  Research  a c t i v i t i e s  are  performed b o t h  

in-house and under c o n t r a c t ,  In b u i l d i n g  a base of t e c h n o l o g y  i n  

e l e c t r o n i c s ,  NASA h a s  s t r u c k  a b a l a n c e  between sys tem o r i e n t e d  

e f f o r t s  and e f f o r t s  t o  d e v e l o p  new t echno logy  a p p l i c a b l e  t o  aero-  

n a u t i c s  and space o p e r a t i o n s ,  I n  a d d i t i o n  t o  t h e  accumula t ion  

of fundamenta l  knowledge which can  be drawn from ove r  t h e  y e a r s ,  

t h i s  program i n c l u d e s  c r i t i c a l l y  needed t e c h n i q u e s  and components,  

p a r t i c u l a r l y  t h o s e  which w i l l  be p a c i n g  i t e m s  i n  f u t u r e  aero-  

n a u t i c a l  and space developments :  e x p l o r a t i o n  of more t h a n  one 

p o s s i b l e  p a t h  t o  a des i r ed  g o a l ;  and c o n f i g u r a t i o n  of selected 

t e c h n i q u e s  and components i n t o  sys tems i n  o r d e r  t o  d e m o n s t r a t e  

t h e i r  t e c h n i c a l  f e a s i b i l i t y ,  and c o l l e c t  d a t a  on t h e i r  ope ra -  

t i o n a l  p o t e n t i a l  and c o s t  e f f e c t l v e  a p p l i c a t i o n ,  

RESOURCES REQUIRED: 

(Thousands of D o l l a r s )  
1968 1969 19 70 

Suppor t :ng  research and 
technoloqy Î . .) . - n $37,557 $34,271 $35,000 

500 500 - -- 
T o t a l  - ~ - I . . . $38,057 $34,771 $35 i- 000 

F l i g h t  p r o l e c t s .  - > - e * -  

-- 
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WHY FUNDS REQUIRED: 

S u p p o r t i n q  Research and Technoloqy ( $ 3 5 , 0 0 0 , 0 0 0 )  

The r e q u e s t e d  F Y  1970 f u n d s  are needed t o  s u p p o r t  basic  and 

a p p l i e d  r e s e a r c h  and advanced t e c h n i c a l  development  e f f o r t s  i n  

t h e  d i s c i p l i n e s  r e l a t e d  t o  e l e c t r o n i c s  and c o n t r o l ,  Av ion ic  com- 

p o n e n t s  are a n  i n t e g r a l  p a r t  of a l l  a u t o m a t i c  and semiau tomat i c  

sys t ems  used i n  a i r c r a f t  and manned and unmanned s p a c e  v e h i c l e s .  

Key sys t ems  and components such  as communica t ions ,  f l l g h t  con- 

t r o l  I n a v i g a t i o n  and g u i d a n c e ,  computa t ion  and  d a t a  p r o c e s s i n g d  

a myriad of s e n s o r s ,  r e f e r e n c e  and c o n t r o l  s y s t e m s ,  approach 

and l a n d i n g ,  s u r v e i l l a n c e  and i d e n t i f i c a t i o n ,  and h a z a r d  avo idance  

depend on e l e c t r o n i c  equipment. .  S p e c i f i c  o b j e c t i v e s  of t h e  guid-  

ance  program are advanced p r e c i s i o n  i n e r t i a l  and e l e c t r o m a g n e t i c  

s e n s o r s  and s i m p l i f  l e d  t e c h n i q u e s  f o r  n a v i g a t i o n  and gu idance  

a p p l i c a b l e  t o  s u p e r s o n i c  a i r c r a f t  and f u t u r e  s p a c e  v e h i c l e s ,  In-  

creased emphasis  on V/STOL a i r c r a f t  g u i d a n c e ,  c o n t r o l  and d i s -  

p l a y  s y s t e m s  w i l l  h e l p  r e a l i z e  t h e  promise  which V/STOL v e h i c l e s  

have i n  r e l i e v i n g  ove r loaded  t r a n s p o r t a t i o n  s y s t e m s  i n  major  

p o p u l a t i o n  c e n t e r s ,  Advanced research i n  a v i o n i c s  o f f e r s  sub- 

s t a n t i a l  s u p p o r t  t o  v a r i o u s  a s p e c t s  of a3-r t r a f f i c  c o n t r o l  s u c h  

a s  communicat ions,  n a v r g a t i o n ”  s u r v e i l l a n c e ,  and h a z a r d  avo idance ,  

Research i n  communication a t  h i g h e r  f r e q u e n c i e s  ( c e n t i m e t e r  t o  

m i l l i m e t e r  wave l e n g t h s )  1s e x p e c t e d  t o  r e s u l t  i n  h i g h e r  informa- 

t i o n  t r a n s f e r  r a t e s ,  s m a l l e r  and l i g h t e r  w e i g h t  a n t e n n a s ,  s i m p l e r  

power genera t i .on  equipment ,  Cont inued advancements i n  t h e  t e c h -  

no logy  of compiitrr-ng and d a t a  p r o c e s s i n g  are r e q u i r e d  t o  keep pace  

w i t h  t h e  growing c o m p l e x i t y ,  v a r i e t y  and volume of d a t a  a t t e n d a n t  

t o  t h e  experiment-a1 development  and o p e r a t i o n  of advanced aero-  

n a u t i c a l  and s p a c e  v e h i c l e s ;  t h e  e n d  o b j e c t i v e  is t o  f a c i l i t a t e  

t h e  a c q u i s i t i o n  and e x t r a c t i o n  of u s e f u l  i n f o r m a t i o n  f o r  human 

- 9 3  - 



m i 

users. Instrumentation research will be continued to advance 
measurement capabilities in the far ultraviolet and soft X-ray 
regions. Development of instrumentation systems w i l l  be carried 
on using laser technology for accurate measurement of gas para- 
meters and flow field characteristics of test models at hyper- 
sonic speeds. Research in solid state technology wlth emphasis 
on integrated circuits in which many components are combined 
into one functional assembly of minute weight and size for aero- 
space application will be continued; integral to the program is 
the search for materials and techniques to provide longer useful 
lifetimes of components and a consequent reduction in cost of 
both system and component testingo 
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OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 
HUMAN FACTOR SYSTEMS PROGRAM 

-- 

The objective of the Human Factor Systems program 1s to 
provide the essential research data and the technology necessary 
to ensure the safe and proper participation of man i n  advanced 
aeronautical and space missions and to further the development 
of the systems necessary to sustain him, The program elements 
include: (1) Human Research and Performance, ( 2 )  Life Support 
and Protective Systems, ( 3 )  Man--Systems Integration. and (41 

Advanced Concepts- The program efforts are concentrated on the 
measurement of stress in man and animals under the unique environ- 
mental factors of aeronaut 1 cal and space missions particularly 
the relationships of stress to the operators” safety, performance, 
and proper utilization, These measurements are made in controlled 
simulation studies and valldated by essential flight experiments. 
The life support technology effort is concentrating on providing 
advanced technology for efficient, reliable, and maintaLnable 
long duration subsystems, These are assembled into complete 
environmental control systems and tested in long duration manned 
space cabin simulator tes ts .  

The work is accomplished through a multldlscipl~nary approach 
which includes research in physiology, psychology, medicine, 
biology. englneerinq, physics, chemistry and electronics at NASA 
Centers, Department of Defense aerospace medical laboratories, 
other Government facilities universities, and industry. 
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RESOURCES REQUIRED: 

(Thousands of Doll ars) 
1968 1969 1970 

Supporting research and 

Biotechnology flight 
technology .I .. a . . $18,228 $ 1 7 n 9 1 0  $21 600 

2 000 
$23 600 
- 1 600 1 !, 790 projects e e e , e -- 

Total . e e - e $19,828 $19,700 -d- --- 

WHY FUNDS REQUIRED: 
Supportinq Research and Technoloqy ($21,600,000) -- 

This is an integrated program effort directed toward fulfill- 
ment of the Human Factor Systems program oblectives, In FY 1970, 
emphasis will be given to investigations to define and understand 
such phenomena as changes in man s cardiovascular function due 
to prolonged exposure to zero gravity and other space flight 
stressors, behavioral changes in small groups of men isolated 
and confined for extended periods, the unique design features 
necessary to ensure the highest reliability of life support and 
protective systems, and the psychological and physlological 
effects o f  aircraft noise, These and other problem areas require 
research in cardiovascular , respiratory, and vestibular physiology; 
in bioinstrumentation, +.o meastire the effects of stresses on man 
and animals- in radiobiologyb stress endocrinoLogy. and micro- 
biology; in water and waste management; in oxygen regeneration 
and air pollution control.. in space SUI+S; in extravehicular 
activities; 1.n man-machine interactions- and in many more areas- 
The work 1s rllrected toward defining and solvlng known and antlcl- 
pated problems In future aeronautical and space operations. 

Biotechnology Flight Projects - ($2 , O O O , , O O O )  

The small f l i g h t  experiments are designed to provide informa- 
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I 

t i o n  n e c e s s a r y  t o  q u a l i f y  man and h i s  s u p p o r t  equipment  f o r  ex tend-  

ed s p a c e  f l i g h t ,  I n  F Y  1970,  work w i l l  c o n t i n u e  on expe r imen t s  

which w i l l  examine t h e  t o t a l  p h y s i o l o g i c a l  e f fec ts  of p ro longed  

w e i g h t l e s s n e s s  (90  d a y s  o r  more) on a s m a l l  p r i m a t e ;  a s c e r t a i n  

t h e  need of induced o r  a r t i f i c i a l  g r a v i t a t i o n a l  f o r c e  i n  s p a c e  

v e h i c l e s ;  and t es t  l i f e  s u p p o r t  and p r o t e c t i v e  equipment  des igned  

t o  f u n c t i o n  i n  z e r o  g r a v i t y "  The s t u d y  t o  d e t e r m i n e  t h e  c h a r a c t e r -  

i s t i c s  of an e a r t h  o r b i t i n g  b i o t e c h n o l o g y  l a b o r a t o r y  w i l l  be con- 

t i n u e d  and expanded. F u r t h e r  work w i l l  be done on p r e p a r i n g  ex- 

p e r i m e n t s  on v i s i o n  i n  t h e  l u n a r  envi ronment ;  these w i l l  i n c l u d e  

i n v e s t i g a t i o n s  i n  c o l o r  p e r c e p t i o n ,  c o n t r a s t ,  and d i s t a n c e  

judgments under  c o n d i t i o n s  of no a tmosphe r i c  s c a t t e r i n g  of l i g h t .  

A Scou t  l aunch  is schedu led  f o r  a v e s t i b u l a r  expe r imen t  t o  s t u d y  

t h e  a c t i o n  i n  w e i g h t l e s s n e s s  of t h e  basic c e l l s  i n  t h e  f r o g l s  

b a l a n c e  mechanisms which i s  s i m i l a r  t o  t h a t  i n  m a n u s  i n n e r  ear ,  
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O F F I C E  O F  ADVANCED RESEARCH AND TECHNOLOGY 

SPACE POWER AND ELECTRIC PROPULSION SYSTEMS PROGRAM 

T h e  prLmary o b j e c t i v e s  of t h e  Space Power and E l e c t r i c  P r o -  

p u l s i o n  program are t o :  (1) es t ab l i sh  or advance t h e  s t a t e - o f -  

the-ar t  of a l i m i t e d  number of sys t ems  and components hav ing  t h e  

g rea t e s t  p o t e n t i a l  of s a t i s f y i n g  es t imated f u t u r e  m i s s i o n  r e q u i r e -  

ments t o  t h e  p o i n t  where t h e r e  is a h i g h  d e g r e e  of  c o n f i d e n c e  i n  
t h e i r  u l t i m a t e  s u c c e s s f u l  deve lopment ,  and ( 2 )  e f fec t  a t i m e l y  

and o r d e r l y  i n t r o d u c t i o n  of t h e  new o r  advanced t echno logy  emanat- 

i n g  from t h e  program. 

C u r r e n t  estimates of p o t e n t i a l  f u t u r e  m i s s i o n  power sys tem 

r e q u i r e m e n t s  encompass a wide  r ange  of power,  l i f e  and m i s s i o n  

env i ronmen t s .  N o  one power sys tem can  m e e t  t h e s e  v a r i e d  r e q u i r e -  

m e n t s ,  The space power program 1s aimed a t  p r o v i d i n g  t h e  r e s e a r c h  

and t echno logy  n e c e s s a r y  f o r  t h e  improvement and/or  development  of 

a l i m i t e d  number of s o l a r .  chemical and n u c l e a r  sys t ems  f o r  a n t i -  

c ipated a u x i l i a r y  power and e l e c t r i c  p r o p u l s i o n  m i s s i o n  r e q u i r e -  

ments  r a n g i n g  from w a t t s  t o  k i l o w a t t s  i n  t h e  1 9 7 0 1 s  t o  megawatts 

i n  t h e  1 9 8 0 e s m  

The e a r l y  a p p l i c a t i o n  of s o l a r  powered e l e c t r i c  t h r u s t e r s  

f o r  spacecraft  p o s i t i o n  c o n t r o l  and  f o r  small au tomated ,  i n t e r -  

p l a n e t a r y  space-raft  c o n t i n u e s  t o  be a major  g o a l  of t h e  e l ec t r i c  

p r o p u l s i o n  program, T h -  e x p e r i e n c e  t o  d a t e  from t h e  ATS ( A p p l i -  

c a t i o n s  Technology S a t e l l i t e )  f l i g h t  program, coup led  w i t h  t h e  

d e s i g n  and ground e v a l u a t i o n  of t y p i c a l  t h r u s t e r  s y s t e m s ,  con- 

f i r m s  t h o  .r p o t e n t i a l  advan tages  of  s p a c e c r a f t  o p e r a t i o n a l  f l e x -  

i b i l i t y  and s i r n p l l c i t y ,  i n c r e a s e d  payload  o r  decreased t r i p  t i m e ,  

or redu-ed  s p a c e c r a f t  weight. The  proposed  SERT I1 (Space  E l e c t r i c  

Rocket T e s t )  f l i g h t ,  t h e  c o n t i n u i n g  ATS program. and t h e  ground 

-' 98 - 



t echno logy  program are e s s e n t l a l  s t e p s  toward t h e  g o a l  of e a r l y  

app 1 i c a t  i on 

RESOURCES REOUTRED:  

(Thousands of  D o l l a r s  1 
1969 1970  -- - 1968 

S u p p o r t i n g  r e s e a r c h  and 
technology A , . , $42,385 $40,700 $39 ,400  

SNAP-8 technology. ,  - . - , ( 7,500 I *  (5.000)* I 5  .OOO ) *  
Space e l e c t r i c  r o c k e t  tes t  

1 500 500 
-_.I 

1 350 ( S E R T )  I - - - . , - 
T o t a l  ? ,> * , * 1 , $43,732 $39,900 

--- 
*Inc luded  i n  t h e  S u p p o r t i n g  R e s e a r c h  and Technology.  

WHY FUNDS R E Q U I R E D :  

S u p p o r t i n g  Research  and Technology ( $ 3 9 , 4 0 0 , 0 0 0 )  

The n u c l e a r  power sys t em technology program is  focused  on 

a l i m i t e d  number of ene rgy  c o n v e r s i o n  c o n c e p t s  t o  m e e t  a broad  

r a n g e  of p o t e n t i a l  space power r e q u i r e m e n t s  t h a t  may grow from 

wat t s  t o  k i l o w a t t s  i n  t h e  1 9 7 O F s ,  t o  megawatts i n  t h e  1980 s and 

beyond. T h i s  broad  power r a n g e  1s b e i n g  m e t  b y  technical emphasis  

o n  b o t h  s t a t i c  and dynamic c o n v e r s i o n  s y s t e m s  i n c l u d i n g  thermo- 

e l e c t r i c ,  Braytor! SNAP-8 advanced Rank ( n e  I and t h e r m i o n i c  con- 

v e r s i o n  s y s t e m s -  The t echno logy  u n d e r l y i n g  these  s y s t e m s  is  

d i f f i c u l t  and 1or)g range r e q u i r i n g  s u s t a i n e d  e f f o r t  t o  e s t a b l i s h  

e n g i n e e r i n g  d a t a  o n  n e w  materials ~ components"  subsys tems and 

sys t ems  under  c o n d i t i o n s  of' t e m p e r a t u r e s  1 ~ f e  and r e l i a b i l i t y  

never  b e f o r e  ach ieved  i n  power systems. 
E m p h a s , ~  i n  t h e  FY 1970 s o l a r  powsr g e n e r a t i o n  program w i l l  

be p l a c e d  on o b t a i n i n g  improved u n d e r s t a n d i n g  of t h e  s t r u c t u r a l  

dyramic  c h a r a c t e r l s t l c s  of large area s o l a r  c e l l  a r r a y s ,  I n  

a d d i t i o n ,  t e c h n o l o g l c a l  advances i n  t h e  e l e c t r o m e c h a n i c a l  d r i v e  
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sys t ems  needed t o  t u r n  t h e  l a r g e  s o l a r  c e l l  a r r a y s  t o  t r a c k  t h e  

s u n  w i l l  be pushed ,  Methods f o r  compact s towage d u r i n g  l a u n c h ,  

and r e l i a b l e ,  a u t o m a t i c  deployment once  I n  space,  will be pursued  

f o r  t h e s e  h i g h  power s o l a r  c e l l  a r r a y s .  Major advances  i n  t h e  

r e s i s t a n c e  of s o l a r  c e l l s  t o  d e g r a d a t i o n  i n  t h e  s p a c e  envi ronment  

w i l l  be sough t  i n  F Y  1970-  

An urgent .  need e x i s t s  i n  FY 1970 t o  advance t h e  t echno logy  

r e q u i r e d  f o r  d i s t r i b u t i o n ,  r e g u l a t i o n ,  and c o n t r o l  of s p a c e  

v e h i c l e  e l e c t r i c a l  power. The e l e c t r i c a l  components and c i r c l x t s  

needed t o  per form these c r i t i c a l  f u n c t i o n s  con t3nue  t o  be in -  

a d e q u a t e .  D e f r c i e n c i e s  i n  t h e s e  power p r o c e s s i n g  equipments  have  

b e e n  t h e  cause of s p a c e c r a f t  f a i l u r e s  i n  r e c e n t  y e a r s ,  E f f o r t s  

t o  advance t h i s  t echno logy  must be i n c r e a s e d  i n  F Y  1970  If re- 

l i a b l e ,  l o n g  l i f e  power sys t ems  are t o  be p o s s i b l e  i n  t h e  f u t u r e .  

A major  g o a l  of t h e  chemica l  power program i n  F Y  1 9 7 0  con- 

t i n u e s  t o  be t h e  development  of  n o n d e s t r u c t i v e  tes t  methods t h a t  

would permit a d e t e r m i n a t i o n  o f  r e c h a r g e a b l e  b a t t e r y  life ex- 

p e c t a n c y  from t e s t s  per formed f o r  less t h a n  1% of b a t t e r y  l i f e -  

The development of  such  a tes t  program would c o n t r i b u t e  sub-  

s t a n t i a l l y  t o  i n c r e a s e d  b a t t e r y  l i f e  and r e l i a b i l i t y c  A second 

major  g o a l  i n  F Y  1 9 7 0  ? s  t h e  work t o  a c h i e v e  impact  r e s i s t a n t ,  

h e a t  a t e r i i i z e a b l z  b a t t e r i e s  f o r  u s e  on p ~ a n e t a r y  l a n d i n g  c a p s u l e s .  

Emphasis  w i  11 t u r n  t o h a r d  l a r g e r  ba t t e r i e s  € o r  h i g h e r  power and 

toward remote a c t  t v a t  ion t o  aTJoid d e t e r i o r a t i o n  d u r i n g  t h e  e x -  

t ended  t r a v e l  t - ! m e  r e q u i r e d  t o  r e a c h  the  p l a n e t s ,  

The e l e c t r i c  thrl-1stclr- t echno logy  program c o n t i n u e s  t o  make 

p r o g r e s s  toward t h e  qoal of : > a r l y  m i s s i o n  a p p l i c a t i o n ,  Dur ing  

F Y  1 9 6 9 ,  such  s'qsierns have s e e n  t h e i r  f i r s t  NASA o p e r a t i o n a l  

f l i g h t  i n  t h e  R p p l i c a t i o L 2 s  Technology S a t e l l i t e  (ATS) program 

whcre accurate  prodUrtJOn o f  v e r y  l o w  t h r u s t -  f o r  accompl i sh ing  

east-west s t a t J o n  keep ing  was t h e  p r i n c i p a l  advan tage  s o u g h t  and 
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r e a l i z e d .  Dur ing  F Y  1970 t h e  e l ec t r i c  p r o p u l s i o n  program w i l l  

f o c u s  on t h e  h i g h ,  spec i f ic  impulse  i o n  t h r u s t e r  sys t em w i t h  

e l ec t r i c  t h r u s t  vec to rLng  c a p a b i l i t y  which shows t o  advan tage  i n  

long  d u r a t i o n  m i s s i o n s  f o r  b o t h  a u x i l i a r y  and pr ime p r o p u l s i o n  

a p p l i c a t i o n s .  Work on t h e  h igh  t e m p e r a t u r e  r e s i s t o j e t  and t h e  

u s e  of b i o w a s t e s  as p r o p e l l a n t s  from t h e  l i f e  s u p p o r t  sys t em 

f o r  manned s p a c e  s t a t i o n s  w i l l  a l s o  c o n t i n u e -  

T h e  f l i g h t  s a f e t y  program p r o v i d e s  c o o r d i n a t i o n  and d i r e c -  

t i o n  f o r  t h e  NASA p o r t i o n  of t h e  j o i n t  AEC/DoD/NASA r e v i e w s  and 

a n a l y s e s  of proposed  m i s s i o n s  u t i l i z i n g  n u c l e a r  space power 

s y s t e m s ,  p r o v i d e s  g u i d e l i n e s  f o r  f u t u r e  m i s s i o n  a p p l i c a t i o n s ,  

d e v e l o p s  specif ic  d e s i g n  i n f o r m a t i o n  i n  areas where NASA h a s  

s p e c i a l  competence,  and t h e  r e c o v e r y  of NASA launched  space- 

c r a f t  c a r r y i n g  n u c l e a r  mater ia l s  )I when f eas ib l e ,  

Space  E l e c t r i c  Rocket  T e s t  (SERT) ( $ 5 0 0 , 0 0 0 )  

The SERT f l i g h t  p r o g r a m n s  o v e r a l l  o b j e c t i v e  is t o  p r o v i d e  

in fo rma taon  on t h e  o p e r a t i o n  of e l ec t r i c  t h r u s t e r  sys t ems  i n  t h e  

space envi ronment ,  T h e  SERT I1 o r b i t a l  f l i g h t  has  as i t s  p r imary  

o b j e c t i v e  t h e  v e r i f i c a t i o n  of  l o n g  t e r m  e l e c t r o n  bombardment i o n  

e n g i n e  per formance  i n  s p a c e ,  T h e  s p a c e c r a f t  w i l l  a l s o  c a r r y  

e x p e r i m e n t s  aimed a t  a s s e s s i n g  p o s s i b l e  e l e c t r i c  p r o p u l s i o n  

spacecraft  i n t e r a c t i o n s ,  SERT I1 is  c o n s i d e r e d  t o  be t h e  n e x t  

major  s t e p  i n  t h e  development  of e l ec t r i c  p r o p u l s i o n  f o r  pr ime 

p r o p u l s i o n  of  i n t e r p l a n e t a r y  s p a c e c r a f t . .  The launch  is schedu led  

f o r  CY 1969 u s i n g  t h e  Thorad A g e n a  l aunch  v e h i c l e  from t h e  Western 

T e s t  Range, The F Y  1970 f u n d s  are r e q u i r e d  f o r  l a u n c h  s u p p o r t  

and d a t a  r e d u c t i o n ,  
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OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

NUCLEAR ROCKETS PROGRAM 

The o b j e c t i v e  of t h e  Nuclear  Rockets program is  t o  provide  
r o c k e t  p ropu l s ion  systems f o r  a p p l i c a t i o n  t o  advanced o r b i t a l ,  
l u n a r  and p l a n e t a r y  miss ions .  I n  c a r r y i n g  o u t  t h i s  o b j e c t i v e ,  

the  AEC-NASA Space Nuclear  P ropu l s ion  O f f i c e  i s  conduct ing a 
d e t a i l e d  program of system a n a l y s i s ,  d e s i g n ,  development and 
t e s t i n g  t o  provide  a 75,000 pound t h r u s t  NERVA engine capable  
of performing advanced space  miss ions .  Engine development i s  
proceeding us ing  the  base of technology e s t a b l i s h e d  through t h e  

Phoebus and NERVA technology programs. 
The Nuclear Rockets program a c t i v i t i e s  t o  be conducted i n  

F Y  1970 i n c l u d e ,  f o r  NERVA development,  t h e  e s t ab l i shmen t  of t he  

f i n a l  engine des ign ;  t he  procurement f a b r i c a t i o n  and t e s t i n g  
of component development hardware; and t h e  i n i t i a t i o n  of procure-  
ment of nozz le  f o r g i n g s  and o t h e r  long  leadt ime hardware f o r  t he  

f irst  development r e a c t o r  and engine.  I n  a d d i t i o n ,  the des ign  
of Engine T e s t  Stand N o .  1 ( E T S - 1 )  mod i f i ca t ions  w i l l  be estab- 

l i s h e d  and a c o n t r a c t  w i l l  be i n i t i a t e d  f o r  t h e  f a b r i c a t i o n  of 

t h e  new exhaus t  d u c t  f o r  NERVA engine  t e s t i n g .  

RESOURCES REQUIRED: 

(Thousands of D o l l a r s )  
1968 1969 1970 

Suppor t ing  research and 
technology . . . . , . . $12,500 $ 6,000 $ 8,000 

37 500 22 200 27,500 

T o t a l  . . . . . . . . . $54,000 $32,000 $36 , 500 

NERVA. 0 e e o . 
NRDS o p e r a t i o n s .  . ., . . e . . 4,000 3 I 800 1 ,000 
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WHY FUNDS REQUIRED: 

S u p p o r t i n g  Research  and Technoloqy ( $ 8 , 0 0 0  ,~ 000 1 

The s u p p o r t i n g  r e s e a r c h  and t e c h n o l o g y  e f f o r t  (SRStT) c o v e r s  

a v e r y  broad  spec t rum of  programs,  most of whlch a re  of r e l a t i v e l y  

small  d o l l a r  v a l u e .  The g e n e r a l  a i m s  are: (1) t o  p r o v i d e  s u p p o r t  

t o  t h e  NERVA e n g i n e  d e s i g n  and development  program ( 2 )  t o  ex- 

t end  t h e  t e c h n o l o g y  f o r  s o l i d - c o r e ,  n u c l e a r  r o c k e t  sys t ems  beyond 

c u r r e n t  per formance  l e v e l s ;  (3) t o  establish t h e  t e c h n o l o g y  base 

r e q u i r e d  for n u c l e a r  s tage  development:  and ( 4 )  t o  i n v e s t i g a t e  

t h e  f e a s i b i l i t y  of advanced p r o p u l s i o n  c o n c e p t s .  

NERVA ( $ 2 7 , 5 0 0 , 0 0 0 )  

The pr ime o u t p u t  of  t h e  Nuc lea r  Rockets  program w l l l  be a 

n u c l e a r  e n g i n e ,  deve loped  th rough  P r e - F l i g h t  R a t i n g  T e s t s  (PFRT), 

h a v i n g  a s p e c i f i c  impulse  of  approx ima te ly  8 2 5  s e c o n d s ,  and a 
t h r u s t  of about  7 5 , 0 0 0  pounds ( a p p r o x i m a t e l y  1500 megawatts of 

r e a c t o r  p o w e r ) ,  T h i s  e n g i n e  w i l l  p r o v i d e  a major  advance i n  

p r o p u l s i o n  c a p a b i l i t y 3  A n u c l e a r  s tage  would be capable o f  per- 

fo rming  a wide v a r i e t y  of advanced s p a c e  m i s s i o n s ,  beyond t h e  

per formance  p o t e n t i a l  of chemlca l  r o c k e t r y < ,  I t  can  g r e a t l y  ex- 

t e n d  t h e  u s e f u l n e s s  of t h e  S a t u r n  V l aunch  v e h i c l e ,  c a n  be used 

e f f e c t i v e l y  i n  Space  P r o p u l s i o n  of  rendezvoused p a y l o a d s  and as 
an upper  s tage f o r  low c o s t  b o o s t e r s .  

NRDS ~- z e r a t i o n s  ( $ 1 , 0 0 0 , 0 0 0 )  

The Nuc lea r  Rocket  Development S t a t i o n  is  t h e  n a t i o n a l  s i t e  

f o r  t h e  g round ,  s t a t i c - t e s t i n g  of n u c l e a r  r o c k e t  r e a c t o r s  and 

e n g i n e s ,  E v e n t u a l l y <  it w i l l  be used t o  t es t  t h e  p r o p u l s l o n  

modules o r  r o c k e t  s t a g e s  a s s o c l a t e d  w i t h  f l i g h t  development.. 

The f u n d i n g  i n  t h i s  a r e a  p r o v i d e s  f o r  NASAns sha re  of t h e  g e n e r a l  

s i t e  o p e r a t i o n s c  t h e  major  portion of which i s  s u p p o r t e d  by t h e  AEC. 
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problems I e n g i n e  d e s i g n , s  e n g i n e  mater ia ls  and f a b r i c a t i o n  

t e c h n i q u e s  are  major  c a t e g o r i e s  o f  a c t i v e  research, I n  addi -  

t i o n ,  p r o p e l l a n t  p h y s i c a l  p r o p e r t i e s ,  and chemical r e a c t i o n  

phenomena, as t h e y  r e l a t e  t o  advanced p r o p u l s i o n  s y s t e m s ,  are 

e x p l o r e d  and r e p o r t e d ,  T h e  bas1 c t e c h n o l o g i c a l  i n v e s t i g a t i o n s  

are s u p p o r t e d  by  complementary sys t - em d e m o n s t r a t i o n  programs,  

which have  t h e  p u r p o s e  o f  e s t a b l i s h i n g  t h e  v a l i d i t y  of t h e  ad- 

vanced p r o p u l s i o n  s y s t e m s  c o n c e p t s  generated by t h e  program" 

RESOURCES REQUIRED: -- 

(Thousands of D o l l a r s )  
1968 1969 1 9  70 

S u p p o r t i n g  research and 

Large s o l i d  motor p r o j e c t -  3 500 
t echno logy  . e - . Iq $ 3 3 d 5 3 7  $28 900 $25,100 

T o t a l  + , , .. $ 3 7 , 0 3 7  $28 ,900  $25 , j  100 

--- --- 

WHY FUNDS REQUIRED: 

S u p p o r t i n q  R e s e a r c h  and Technoloqy ($25,100,000)  

H i g h  per formance  l i q u i d  17 s o l i d  and h y b r i d  p r o p e l l a n t s  are 

b e i n g  examined f o r  u se  i n  l a u n c h i n g  p a y l o a d s  a t  low c o s t  and f o r  

u s e  i n  o r b i t a l "  l u n a r ,  s o l a r ,  and p l a n e t a r y  space s y s t e m s ,  H i g h  

per formance  p r o p e l l a n t s  c a n  be t r a n s l a t e d  i n t o  g rea te r  payload  

c a p a b i l i t y  o r  into c a r r y i n g  t h e  n e c e s s a r y  payload  w i t h  a smaller 

launch  and s p a c e  v e h i c l e  sys tem.  T h e  work e x t e n d s  t h e  u s e  of 

hydrogen f u e l  as a r o c k e t  p r o p e l l a n t  f o r  s p a c e  m i s s i o n s  and is 

examining t h e  u s e  of h i g h  d e n s i t y  m i l d  c r y o g e n i c  o x i d i z e r s  and 

f u e l s  f o r  c e r t a i n  l o n g  d u r a t i o n  i n  s p a c e  m i s s i o n s -  A s t r o n g  

e f f o r t  I n  s i m p l L i f i ? d ,  r e l a t i v e l y  low-cos t  e n g i n e  sys t ems  f o r  

launch  v e h i c l e  sys t ems  will be c o n t i n u e d .  N e w  p r o p u l s i o n  con- 

c e p t s  and advanced e n g i n e  d e s i g n s  t o  improve t h e  capab i l i t i e s  

for t r a n s p o r t i n g  and  maneuvering p a y l o a d s  i n  t h e  s o l a r  space en- 
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vi ronment  are b e i n g  e x p l o r e d .  
Research on s o l i d  p r o p e l l a n t  motor sys t ems  i n c l u d e s  non- 

d e s t r u c t i v e  t e s t i n g  t e c h n i q u e s  f o r  i n s p e c t i o n  and q u a l i f i c a t i o n  

of loaded  moto r s ,  i g n i t i o n ,  methods of combust ion t e r m i n a t i o n  and 

r e s t a r t ,  and improved p r e d i c t a b i l i t y  of p r o p e l l a n t  b u r n i n g  r a t e .  

Exper imen ta l  e n g i n e e r i n g  programs i n  l i q u i d  and s o l i d  pro-  

p e l l a n t  motors  v e r i f y  r e s e a r c h  d e s i g n  and d a t a  e x t r a p o l a t i o n s  by 

d e m o n s t r a t i o n  tests of b readboard  sys t ems .  Very o f t e n  such  test,s 
d i s c l o s e  new problems t h a t  r e q u i r e  c o n t i n u e d  r e s e a r c h  e f f o r t .  

T h e  e x p e r i e n c e  h e l p s  g r e a t l y  i n  d e f i n i n g  t h e  a p p r o p r i a t e  d e s i g n  

c r i t e r i a ,  c y c l e  s e l e c t i o n ,  and o p e r a t l n g  c o n d i t i o n s  f o r  such  new 

equipment ,  T h e  work i n v o l v e s  t h e  d e s i g n ,  f a b r i c a t i o n  and t e s t  
of e x p e r i m e n t a l  components and sys t ems  t o  d e t e r m i n e  t h e i r  p rac t i -  

c a l i . t y ,  p r o v i d i n g  a sound basis  f o r  s e l e c t i o n  of  advanced pro-  

p u l s i o n  equipment .  I t  f u r t h e r m o r e  p r o v i d e s  a c lear  i n d i c a t i o n  

of  design and t e s t  methods t h a t  w i l l  r e d u c e  t h e  c o s t  of deve lop-  

ment and p r o d u c t i o n  of  t h e s e  equipments .  F a b r i c a t i o n  p r o c e s s  

s p e c i f i c a t i o n s ,  development  p r o c e d u r e s ,  c o s t s ,  s c h e d u l e s ,  f a c i l i t y  

and special  equipment  r e q u i r e m e n t s ,  can  be assessed as a r e s u l t  

of such work. 
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OFFICE O F  ADVANCED RESEARCH AND TECHNOLOGY 

AERONAUTICAL VEHICLES PROGRAM - 

The r o l e  of t h e  A e r o n a u t i c a l  V e h i c l e s  program 1s t o  p r o v i d e  

c o n t i n u e d  improvements i n  t h e  s a f e t y ,  efficiency and u t i l i t y  of 

a l l  c lasses  of m i  l i  t a r y  and commercial  a i r c r a f t ,  Advanced d a t a  

f o r  t h e  d e s i g n  of new a i r c r a f t  t e c h n o l o g i c a l  advances  needed 

t o  d e v e l o p  safer and s u p e r i o r  commercial  a i r c r a f t ,  and l e a d e r -  

s h i p  1 n t h e  genera t  ion  of advanced a i r c r a f t  c o n c e p t s  are i n t e g r a l  

p a r t s  of t h e  program. E f f o r t  i n  t h e  advanced r e s e a r c h  and t e c h -  

nology d i s c i p l i n a r y  areas of aerodynamics l o a d s  and s t r u c t u r e s ,  

p ropu l sLon ,  o p e r a t i n g  envi ronment  and  f l L g h t  dynamics;  p l u s  

p r o o f - o f - c o n c e p t  e-ffor t -  i n  t h e  g e n e r a l  a v i a t i o n  V/STOL,  sub- 

s o n i c ,  s u p e r s o n l c  and h y p e r s o n i c  a i r c r a f t  areas ,  1s conducted  

i n  f u r t h e r a n c e  of t h e  above o b j e c t l v e s ,  P roof -o f  - -concept  a c t i v i t y  

is  sys tem i n t e g r a t i o n  t echno logy  whereby f u l l  sca le  o p e r a t i n g  

s y s t e m s  are used t o  e x t e n d  l a b o r a t o r y  t e c h n o l o g y  i n  s y s t e m  e l e m e n t s ,  
The programs i n  t h e s e  areas encompass work i n  mater ia l s ,  n o i s e  

and s o n i c  boom o p e r a t i o n a l  a s p e c t s ,  p r o p u l s i o n  sys t em and a i r -  

E r a m e  i n t e g r a t i o n ,  and t h e  r e l a t i o n s h i p s  which e x i s t  between t h e  

p i l o t  and t h e  t o t a l  a i r c r a f t  sys t em,  

RESOURCES R E Q U I R E D :  

Advanced research . _ . . - . .  
Genera l  av I a t  i on  ai rcraf  t 

t echno  l o g y .  e " ? . " * . .  

V/STOL a i r c r a f t  t echno logy .  I 

Xubson: c a i r c r a f t  t echnology. ,  
S u p e r s o n i c  a i r c r a f k  t e c h n o l o g y -  
Hypersonic  a i r c r a f t  t echno logy .  

T o t a l .  . . - *  

(Thousands of D o l l a r s )  
1969 19 70 --- 1968 - 

$12 800 $ 1 6 , 8 9 1  $21 785 

450 535 500 
7 , 0 5 7  8 , 7 4 0  11 ,250  
7 ,905  1 7 , 0 4 6  1 6  190 

8 , 2 7 5  

$66 ,800 $74 I 900 $78 I 900 

24,050 21 ,893  20 E 900 
1 4 , 5 3 8  9 , 7 9 5  - 
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Advanced Research ( $ 2 1 , 7 8 5 , 0 0 0 )  

Advanced r e s e a r c h  i n  a i r c r a f t  aerodynamacs is  a c o n t i n u i n g  

i n v e s t i g a t i o n  o f  a i r f l o w s  d e t e r m i n i n g  f l i g h t  Per formance  s ta -  

b i l i t y ,  and c o n t r o l ,  The program i n  t h i s  area embraces t h e  sub- 

s o n i c ,  t r a n s o n i c ,  s u p e r s o n i c B  and h y p e r s o n i c  f l i g h t  regimes i n -  

vo lved  i n  advanced a e r o n a u t i c a l  v e h i c l e s .  Funds are r e q u i r e d  

f o r  e x t e n s i o n s  of bas ic  s t u d i e s  on t h e  s u p e r c r i t i c a l  wing and i t s  
a d a p t i o n  t o  t r a n s o n i c  a i r c r a f t  development  of  t h e o r y  and computer 

programs f o r  a n a l y z i n g  s u p e r s o n i c  a i r c r a f t  c o n f i g u r a t i o n s  w i t h  

r e s p e c t  t o  per formance  o p t i m i z a t i o n  and s o n i c  boom m i n i m i z a t i o n ,  

and a p p l i c a t i o n  of f l u i d  p h y s i c s  t o  t h e  c r i t i c a l  aerodynamic 

problems of h y p e r s o n i c  c r u i s e  f l i g h t .  P r o v i s i o n  has  been made 

f o r  upgrad ing  of c r i t i c a l  wind t u n n e l  f a c i l i t i e s  a s  w e l l  as f o r  

t h e  o p e r a t i o n a l  s u p p o r t  r e q u i r e d  t o  i n c r e a s e  t h e i r  e f f e c t l v e n e s s .  

The u n d e r l y i n g  g o a l  of t h e  l o a d s  and s t r u c t u r e s  program IS 

t h e  achievement  o f  l l g h t e r  we igh t  airframes which e x h i b i t  s u p e r i o r  

r e l i a b i l i t y  and s a f e t y .  T h e  program i n v o l v e s  a n a l y t l c a l  and ex- 

p e r i m e n t a l  s t u d i e s  of t h e  s t r u c t u r a l  envi ronment  and t h e  s t r u c t u r a l  

b e h a v i o r  and r e s p o n s e  t o  t h i s  env i ronmen t ,  i n c l u d i n g  t h e  e v a l u a t i o n  

of new c o n c e p t s .  I n c l u d e d  are basic s t u d i e s  of t he  s t r u c t u r a l  

r e s p o n s e  t o  g u s t  l o a d s  I evaluation of g u s t  a l l e v i  a t i o n  sys t ems  

b u f f e t i n g  and f l u t t e r ,  s t r u c t u r a l  f a t i g u e ,  t h e  use  of compos i t e  

mater ia l s  t o  a c h i e v e  l i g h t e r  weight  a i r f rames ~ and t h e  development  

of improved stress a n a l y s i s  p r o c e d u r e s  

The p r i m a r y  g o a l s  of t h e  Advanced Resea rch  a i r  b r e a t h i n g  

p r o p u l s i o n  program are t o  p r o v i d e  advanced t e c h n o l o g y  th rough  

a n a l y t i c a l  a n d  e x p e r i m e n t a l  i n v e s t i g a t i o n s  of e n g i n e  components 

and p r o p u l s i o n  c o n c e p t s  which e i t h e r  are n o t  r e a d l l y  i d e n t i f i e d  

w i t h  a s p e c i f i c  f l i g h t  spec t rum o r  e lse  i d e n t i f i e d  o v e r  a broad  

f l i g h t  spec t rum,  I n c l u d e d  are research s t u d i e s  o f :  basic  
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mechanism of f a n  and compressor n o i s e  g e n e r a t i o n  and s u p p r e s s i o n ,  

j e t  exhaus t  n o i s e  s u p p r e s s i o n ,  development of engine n o i s e  pre-  

d i c t i o n  t echn iques ,  t e c h n o l o g i c a l  assessment of nuc lea r  power 

f o r  a i r c r a f t  u s e ,  and smoke suppres s ion  of j e t  eng ines ,  B a s i c  

s t u d i e s  w i l l  be cont inued  on advanced b e a r i n g  and l u b r i c a t i o n  
sys tems,  and on a i r c r a f t - p r o p u l s i o n  system i n t e g r a t i o n  problems. 

I 
i 

I The research e f f o r t  i n  t h e  a i r c r a f t  o p e r a t i n g  environment 

I 

program i s  aimed a t  s o l v i n g  g e n e r a l  problems a s s o c i a t e d  wi th  t h e  

runway and f l i g h t  environments ,  f l i g h t  s a f e t y ,  n o i s e ,  f l i g h t  i n -  

s t r u m e n t a t i o n  and s o n i c  boom, I t  invo lves  t h e o r e t i c a l  a n a l y s e s  
and l a b o r a t o r y  and f l i g h t  t e s t  experiments  t o  v a l i d a t e  c u r r e n t  

eng inee r ing  procedures  and develop s o l u t i o n s  t o  a i r c r a f t  opera- 

t i o n a l  problems. The r e s u l t s  provide  t h e  r e s e a r c h  f o r  safer  and 

q u i e t e r  a i r c r a f t  o p e r a t i o n s  and t h e  b a s i c  environmental  d e s i g n  

d a t a  f o r  a p p l i c a t i o n  t o  spec i f ic  c l a s s e s  of a i r c r a f t ,  

The f l i g h t  dynamics r e s e a r c h  program i s  aimed a t  t h e  d e t e r -  

minat ion of t h e  dynamic i n t e r a c t i o n  and t h e  fundamental  r e l a t i o n -  

s h i p s  between t h e  p i l o t  and t h e  c o c k p i t  d i s p l a y s ,  a i r c r a f t  con- 

t r o l  system c h a r a c t e r i s t i c s ,  a i r c r a f t  f l i g h t  response  behavior  
and t h e  r e q u i r e d  f l i g h t  p a t h  performance, I t  invo lves  t h e o r e t i c a l  

a n a l y s e s ,  ground based s i m u l a t o r  s t u d i e s  and measurements i n  t h e  

r e a l  f l i g h t  environment t o  i n v e s t i g a t e  b a s i c  hand l ing  q u a l i t i e s  

f a c t o r s ,  The program a l s o  i n c l u d e s  s t u d i e s  of improved methods 

f o r  a i r c r a f t  c o n t r o l  and of improved t e s t  t echn iques ,  and re- 

sea rch  t o  e s t a b l i s h  more r e a l i s t i c  p i l o t e d  f l i g h t  s i m u l a t o r s ,  

General  Av ia t ion  A i r c r a f t  Technoloqy ($500 ,000)  

The g e n e r a l  a v i a t i o n  i n d u s t r y  con t inues  t o  e x h i b i t  r a p i d  

growth, e s p e c i a l l y  i n  t h e  area of t h e  scheduled a i r  t a x i  opera- 

t i o n  ( so -ca l l ed  t h i r d  l e v e l  carrier,  m i n i - a i r l i n e s ,  e t c , )  where 

t h e  smal l  a i r p l a n e  is prov id ing  a i r  t r a n s p o r t a t i o n  l i n k s  between 
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s m a l l  communit ies  and major  a i r  t e r m i n a l s .  I n  o r d e r  t o  a s s u r e  

a c o n t i n u i n g  i n c r e a s e  i n  t h e  l e v e l  of o p e r a t i o n a l  s a f e t y  and 

u t i l i t y ,  t h e  NASA i s  c o n d u c t i n g  research t o  p r o v i d e  t h e  n e c e s s a r y  

t echno logy  base which t h e  i n d u s t r y  and FAA c a n  u s e  f o r  c o n s t a n t l y  

improving t h e s e  a i r c r a f t .  The program encompasses aerodynamics ,  

s t r u c t u r e s  and f l i g h t  dynamics t e c h n o l o g y  which,  coupled  t o  t h e  

e f f o r t  i n  t h e  o p e r a t l n g  envi ronment  area,  i s  a l r e a d y  b e g i n n i n g  

t o  fill  t h e  t echno logy  gaps  i n  t h e  g e n e r a l  a v i a t i o n  area. 

V/STOL A i r c r a f t  Technoloqy ( $ 1 1 , 2 5 0 , 0 0 0 )  

Technology e f f o r t  w i l l  be i n c r e a s e d  b o t h  i n  t h e  d i s c i p l i n a r y  

and proof-of -concept  areas.  P a r t i c u l a r  emphas is  w i l l  be g i v e n  

i n  c o n t i n u i n g  wind t u n n e l  and a n a l y t i c a l  s t u d i e s  t o  p r o v i d i n g  

basic i n f o r m a t i o n  t o  s u p p o r t  t h e  d e s i g n  of advanced l i f t - f a n  and 

r o t o r  V/STOL c o n c e p t s ,  Gene ra l  f l i g h t  r e s e a r c h  w l l l  u t i l i z e ,  f o r  

example,  t h e  newly-acqui red  XC-142 t i l t - w i n g  and XV-5B l i f t - f a n  

v e h i c l e s .  These  s t u d i e s  w i l l  add t o  t h e  l i m i t e d  i n f o r m a t i o n  now 

a v a i l a b l e ,  e n a b l i n g  t h e  e s t a b l i s h m e n t  of  more r e l i a b l e  c r i t e r i a  

on which low speed  c o n t r o l  and h a n d l i n g  q u a l i t i e s  r e q u i r e m e n t s  

f o r  f u t u r e  V/STOL a i r c r a f t  d e s i g n s  w i l l  be based .  

More s p e c i f i c ,  p roo f -o f -concep t  t y p e  programs w i l l  be i n i t i a t e d  

t o  e v a l u a t e  i n  f l i g h t  two c o n c e p t s  f o r  p r o v i d i n g  s i g n i f i c a n t l y  

improved s h o r t - t a k e - o f f  and l a n d i n g  a i r c r a f t :  one f o r  p rop-d r iven  

and one f o r  j e t - p r o p e l l e d  t r a n s p o r t s .  S i m l l a r  programs w i l l  be 

s t a r t e d  l e a d i n g  t o  v e r i f i c a t i o n  of  two p r o m l s l n g  r o t o r  c o n c e p t s  

aimed a t  improving t h e  c r u i s e  per formance  and r e d u c i n g  t h e  v i b r a -  

t i o n  of c o n v e n t i o n a l  h e l i c o p t e r s .  

Another  program w i l l  be i n i t i a t e d  t o  p r o v i d e  t h e  XV-5B re- 

search a i r p l a n e  w i t h  h ighe r -pe r fo rmance  l i f t - f  a n s  and an  improved 

c o n t r o l  sys tem e n a b l i n g  h a n d l i n g  q u a l i t y  research o v e r  a b r o a d e r  

enve lope  of t a k e - o f f  and d e s c e n t  c o n d i t i o n s  more r e p r e s e n t a t i v e  
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o f  f u t u r e  p r o d u c t i o n  V/STOL a i r c r a f t ,  

Subson lc  A i r c r a f t  Technoloqy ( $ 1 6 , 1 9 0 , 0 0 0 )  

Technology work on s u b s o n i c  a i r c r a f t  is o r i e n t e d  toward 

s a f e t y  of  f l i g h t ,  improvement of f l i g h t  e f f i c i e n c y  and t h e  re- 
d u c t i o n  of n o i s e ,  I n  t h e  d i s c i p l i n a r y  areas,  aerodynamlc t e c h -  

nology w i l l  be conducted  on advanced a i r c r a f t  c o n f i g u r a t i o n s  

w i t h  p a r t i c u l a r  emphas is  on s e e k i n g  f a v o r a b l e  f low i n t e r a c t i o n s  

b e t w e e n  airframes and h igh  b y - p a s s  r a t i o  t u r b o f a n  e n g i n e s ,  

S t r u c t u r e s  research a p p l i c a b l e  t o  s u b s o n i c  commercial  a i r c r a f t  

w i l l  i n c l u d e  s t u d i e s  of s t r u c t u r a l  l o a d s  and env i ronmen t ,  f a t i g u e  

and  t h e  development of improved c r a c k  d e t e c t i o n  t e c h n i q u e s ,  Pro- 

p u l s i o n  t echno logy  w i l l  s e e k  t o  improve t h e  e f f i c i e n c y ,  u t i l i t y  

and s a f e t y  of p r e s e n t  and advanced s u b s o n i c  a i r c r a f t  p r o p u l s i o n  

sys tem c o n c e p t s  and t o  p r o v J d e  s u p p o r t i n g  in-house  t echno logy  

f o r  t h e  Q u i e t  Engine P r o j e c t ,  I n c l u d e d  are a n a l y t l c a l  and ex- 

p e r i m e n t a l  research s t u d i e s  of h i g h  pe r fo rmance"  low n o i s e  f a n s ,  

compresso r s ,  combustors  and t u r b i n e s  and s t u d i e s  of problems r e l a t ed  

t o  t h e  i n t e g r a t i o n  of t h e  Q u i e t  Engine w i t h  s u b s o n i c  a i r c r a f t ,  

F l i g h t  dynamics research w i l l  be c o n c e n t r a t e d  on i n v e s t i g a t i o n  

ot h a n d l i n g  q u a l i t i e s  and o p e r a t i o n a l  t e c h n i q u e s  of s u b s o n i c  j e t  

t r a n s p o r t s  t o  p r o v i d e  a more r a t i o n a l  f o u n d a t i o n  f o r  c e r t i f i ca -  

t i o n  c r i t e r i a ,  s t u d i e s  of pi lot-managed a u t o m a t i c  f l l g h t  c o n t r o l  

i n  t e r m i n a l  area o p e r a t i o n s ,  and tests of improved v e r t i c a l  s i t u a -  

t i o n  d i s p l a y s  f o r  n o i s e  a b a t e m e n t  s t e e p  approaches ,  

I n  F Y  1969 a program w a s  i n i t i a t e d  t o  s t u d y  s u p e r c r i t i c a l  

a i r f o i l s  i n  f l i g h t  t h rough  t h e  m o d i f i c a t i o n  of an F-8 a i r c r a f t  

on l o a n  from t h e  Navy. I n  F Y  1970 t h e  mod i f i ed  a i r c r a f t  w i l l  be 

i n s t r u m e n t e d  and  f l i g h t  tes ted,  

I n  c o n t i n u i n g  t o  p r o v i d e  t h e  f u l l  research and t e c h n o l o g y  

s u p p o r t  r e q u i r e d  by t h e  I n t e r a g e n c y  A i r c r a f t  No i se  Abatement Pro- 
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gram, t h e  NASA w i l l  conc lude  t h e  n a c e l l e  f a n  n o i s e  m i n i m i z a t i o n  

program by c o n d u c t i n g  f l i g h t  tes ts  of  choked i n l e t  n a c e l l e s  

( f i n a l  c o n f i g u r a t i o n s  of a c o u s t i c a l l y  t r e a t e d  n a c e l l e s  w i l l  have  

been  completed i n  F Y  1969) and f a b r i c a t i n g  and t e s t i n g  components 

f o r  t h e  Q u i e t  Engine p r o j e c t .  

S u p e r s o n i c  A i r c r a f t  Technology ( $ 2 0 , 9 0 0 , 0 0 0 )  

The s u p e r s o n i c  a i r c r a f t  t echno logy  e f f o r t  i s  d i r e c t e d  t o -  

ward advancing  t h e  s t a t e - o f - t h e - a r t  i n  t h e  t e c h n i c a l  d i s c i p l i n e s  

s p e c i f i c a l l y  r e l a t e d  t o  b o t h  c i v i l  and m i l i t a r y  s u p e r s o n i c  a i r -  
c r a f t .  Broad based t echno logy  programs have  been g e n e r a t e d  aimed 

a t  classes of  problems whose r e s u l t s  are a p p l i c a b l e  t o  these a i r -  

p l a n e  r e q u i r e m e n t s ,  Such a program is p o i n t e d  n e c e s s a r i l y  a t  
new and advanced c o n f i g u r a t i o n a l  development  th rough  removal  of 

s t a t e - o f  - the-art  gaps  t h a t  may r e s t r i c t  u t i l i z a t i o n  of t h e  supe r -  

s o n i c  f l i g h t  regime. 

By i n t e r a g e n c y  agreement, NASA w i l l  c o n t i n u e  t o  p r o v i d e  

t e c h n i c a l  s u p p o r t  and a s s i s t a n c e  t o  t h e  FAA i n  t h e  e v o l u t i o n  of 

t h e  U . S .  p r o t o t y p e  s u p e r s o n i c  t r a n s p o r t .  Des ign  problems a r i s i n g  

d u r i n g  t h e  c u r r e n t  development  have  i n d i c a t e d  s e v e r a l  areas 

where in  improvements c a n  be ach ieved  th rough  t h e  p lanned  research 

program, I n  a d d i t i o n ,  t-echnology d i r ec t ed  a t  advanced s u p e r s o n i c  

t r a n s p o r t  conf i g u r a t ~ o n : :  i s  a major  e lement  of  t h e  program. 

NASA w i l l  c o n t i n u e  t o  p r o v i d e  t e c h n i c a l  a s s i s t a n c e  t o  t h e  

Navy and Air Force  i n  t h e  e v o l u t i o n  of t h e  proposed  V F X ,  F X  and 

AMSA a i r p l a n e s ,  Based upon p r e s e n t a t i o n s  made by p o t e n t i a l  a i r -  

frame and e n g i n e  c o n t r a c t o r s ,  a NASA r e s e a r c h  program was formu- 

l a t e d  t o  ge, 2rate s o l u t i o n s  t o  p o t e n t i a l  t e c h n i c a l  problems,  

T h i s  program i.nvolvi ng a number of t e c h n i c a l  d i s c i p l i n e s  i s  be- 

i n g  a c t i v e l y  pu r sued .  

U t i l i z i n g  an F - - l L l A  a i r c r a f t ,  measurements of h igh - f r equency  
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inlet airflow oscil.lations are continuing- In addition, flight 
tests of a boron composite horizontal tail and an investlgation 
of aerodynamic buffet will be made. 

Performance and aerodynamic data obtained during fllght 
from a YF-12A airplane will be compared with information from 
ground based facilities, in order to assess the validity of current 
analytical and experimental procedures* 

- Hypersonic - -- Aircraft Technology - 1 $ 8 ? , 2 7 5 , 0 0 0 )  

At the present early stage in the development of hydrogen 
fueled airbreathing hypersonic airplanes optimum configuratlon 
concepts are not clearly defined. Parametrlc studies of complete 
configuration designs are being performed in sufficient depth to 
resolve this problem and evaluate realistic potentials for these 
aircraft - In these studi es 'i tradeoff s among the aerodynamic, 
structural and propul-sion disciplines will be evaluated from 
flight-profile analyses 

As vehicle concepts are developed, experlmental model studies 
will continue to be made over the required operating speed range, 
The general performance level of hypersonic propulsion systems, 
utilizing subsonic and/or supersonic combustlon, and their effect 
on t h e  performance o f  hypersonlc aircraft, is to be determined- 
To obtain satisfactor;? aerodynamlc characteristlcs, tests of 
configuration modifications will be conducted, Various structural 
concepts that o f € e r  the least weight and thermal protection 
systems will be inveytigated, 

The hypersonic research engine proof-of-concept program, 
initiated in FY 1965 contiriues to furnish design information for 
hypersonic propulsion systems A boilerplate engine, whlch wlll 
incorporate the most advanced aerothermodynamic technology develop- 
ed during the program wi.11 be tested at the Lewis Research Center's 
Plum Brook Facility. 
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O F F I C E  O F  TRACKING AND DATA A C Q U I S I T I O N  

TRACKING AND DATA A C Q U I S I T I O N  PROGRAM 

The pu rpose  o f  t h i s  program i s  t o  p r o v i d e  r e s p o n s i v e  and 

e f f i c i e n t  t r a c k i n g  and d a t a  a c q u i s i t i o n  s u p p o r t  t o  m e e t  t h e  re- 
q u i r e m e n t s  of  a l l  NASA f l i g h t  p r o j e c t s .  I n  a d d i t i o n ,  s u p p o r t  

i s  p r o v i d e d ,  as m u t u a l l y  a g r e e d .  f o r  p r o j e c t s  of  t h e  Department  

of  Defense ,  o t h e r  Government a g e n c r e s ,  and o t h e r  c o u n t r i e s  and 

i n t e r n a t i o n a l  o r g a n i z a t i o n s  engaged i n  s p a c e  research endeavor s .  

S u p p o r t  i s  p r o v i d e d  f o r  manned and unmanned f l i g h t s ;  f o r  

s p a c e c r a f t ,  sound ing  r o c k e t s b  and r e s e a r c h  a i r c r a f t ;  f o r  e a r t h  

o r b i t a l  and s u b o r b i t a l  m i s s i o n s ;  f o r  l u n a r  and p l a n e t a r y  m i s s i o n s ;  

and f o r  s p a c e  p r o b e s .  

Types of  s u p p o r t  p r o v i d e d  i n c l u d e :  ( a )  t r a c k i n g  t o  deter- 

mine t h e  p o s i t i o n  and t r a j e c t o r y  of v e h i c l e s  i n  space, ( b )  

a c q u i s i t i o n  of s c i e n t i f i c  d a t a  f rom onboard e x p e r i m e n t s ,  ( c )  

a c q u i s i t i o n  of e n g i n e e r i n g  d a t a  on t h e  per formance  of s p a c e c r a f t  

and l aunch  v e h i c l e  s y s t e m s ,  ( d )  t r a n s m i s s l o n  of commands from 

ground s t a t i o n s  t o  s p a c e c r a f t ,  ( e )  communication w i t h  a s t r o n a u t s  

and a c q u i s i t i o n  of med1.cal d a t a  on t h e i r  p h y s i c a l  c o n d i t i o n ,  ( f )  

communication of  i n f o r m a t i o n  between v a r i o u s  ground f a c i l i t i e s  

and m i s s i o n  c o n t r o l  c e n t e r s ,  and ( 9 )  p r o c e s s i n g  of d a t a  a c q u i r e d  

from t h e  s p a c e  v e h i c l e s .  Such s u p p o r t  is e s s e n t i a l  f o r  ach iev -  

i n g  t h e  s c i e n t i f i c  o b j e c  l v e s  of  a l l  f l i g h t  mJ-ssions,  f o r  e x e c u t i n g  

t h e  c r i t i c a l  d e c i s i o n s  which must be made t o  a s s u r e  t h e  s u c c e s s  

of  these f l i g h t  missions, and,  i n  t h e  case of manned m i s s i o n s ,  f o r  

i n s u r i n g  t h e  s a f e t y  o f  t h e  a s t r o n a u t s .  

T r a c k i n g  and d a t a  a c q u i s i t i o n  s u p p o r t  IS p r o v i d e d  b y  a world- 

w i d e  network of  NASA ground s t a t i o n s  supplemented by a p p r o p r i a t e  

i n s t r u m e n t a t i o n  s h i p s ,  a i r c r a f t ,  and ground s t a t i o n s  of  t h e  Depart- 
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ment of l j ~ t e n s e -  These facilities d r t  ? n t e r c o n n e c + ~ d  b y  a r L t - t -  

work of  yr-i,und communicaSzon Lines ~ i r i d e r s ~ a  cables. high k r - -  

quency r a d i o  links, and cGmnunicat!on s a t ~ l l i  k e  c i r c u i t s ,  \nhich 

p r o v i d e  the c a p a b i  1 I t y  f o r  -Lns tan tan : - r>u~  transmiss ton of  d a t a  

and cri  t ii'al commands be twer :n  sparc  , " r a f t .  and t h e  c o n t r o l  \ - e n t e r s  

i n  t h e  (T i i i ted  S t a t e s  f r o m  which tbL-- f lights d r ?  r? rec t -ed ,  F a -  

c i l i t i p - ;  ?Is0 are prnvid5d t~ pro( s i n t o  r n P a r ) : n q f L l  forni bhe 
large ctltT?unts of d a t a  which are r,)l 1 ?e+& fro*li f !igh+ prc; i c p t 5  

I n  add1 I  on, instrumentdt #on f a r !  ' i 10s are  pro.J ided f o r  :lipport 

o f  soi~rl.3~ng r o c k e t  Iciltnch;ngs an,? f I i q h t  testivq of rese.;ji-c2., 

a i rcr- l t?  - 
RESOURCES REGUIRED- 
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necessary as the network capability evolves from one of basically 
lunar support to one of planetary support involving multiple 
spacecraft. A small increase in Satellite Network operations is 
required in FY 1970 to provide for the operation of selected con- 
trol centers at Goddard Space Flight Center and for cost-of-living 
additions, 

Equipment ($46,100,000! 

The tracking and data acquisi ti-on support requirements 
placed on the networks establish needs for equipments which are 
essential to provide the continual on-going support for approved 
and planned programs. Funds for equipment are required to re- 
place obsolete and wornout items, to modify existing systems to 
maintain compatibility with changes in spacecraft instrumentation, 
to increase the support utilization and efficiency of existing 
systems, and to complete or provide new systems required to support 
specific flight missions of approved and planned programs. In 
FY 1970, emphasis will continue on sustaining the exi.sting capa- 
bility o f  the networks w i t h  only minor augmentations of equipment 
to meet the requirements of new programs such as the Earth Re- 
sources Technology Satellite (ERTS). 

Supportinq Research and Technoloqy ($12,500,000) 

Supporting Research and Technology is the activity whereby 
concepts, techniques and hardware are developed, tested and 
evaluated for use in the networks to meet support requirements 
of new flight projects- In FY 1970. emphasis wlll continue on 
assessinq network responsiveness and operating techniques which 
show promise of improving network effectiveness in terms of cost 
and performance. 
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OFFICE O F  TECHNOLOGY U T I L I Z A T I O N  

TECHNOLOGY U T I L I Z A T I O N  PROGRAM - 

T h i s  program p r o v i d e s  a n e c e s s a r y  f o l l o w - o n  t o  a l l  govern-  

ment s u p p o r t e d  programs i n  l i n e  w i t h  t h e  principle t h a t  t e c h -  

n i q u e s  and methods d i s c o v e r e d  and/or  deve loped  w i t h  pub! i c  sup- 
p o r t  shou ld  be made a v a i l a b l e  t o  t h e  p u b l i c  expeditiously f o r  

t h e i r  b e n e f i t .  Those t e c h n i q u e s  and methods which a r e  of d i r e c t  

b e n e f i t  t o  t h e  a e r o n a u t i c a l  and space communit ies  a lmos t  a u t o -  

m a t i c a l l y  a r e  p u t  t o  u s e  th roughou t  t h a t  community. However 

t h e r e  are i n e v i t a b l y  d i s c o v e r i e s  and developments  i n  any  l i n e  

of  research which are of  p o t e n t ~ a i  b e n e f i t  t o  users o u t s i d e  of 

t h e  d e v e l o p l n g  community, I t  is t h e  p u r p o s e  of t h e  program t o  

uncover  such  u s e f u l  d i s c o v e r i e s  and p r o v i d e  a m e c h a n i s m  f o r  

making them known and a v a i l a b l e  t o  t h e  g e n e r a l  p u b l i c ,  I n  a d d i -  

t i o n ,  t h i s  program p r o v i d e s  a s i m i l a r  s e r v i c e  i n  c o n n e c t i o n  w l t h  

management t e c h n i q u e s  for l a r g e  complex r e s e a r c h  and development  

a c t i v i t i e s  by  g i v i n g  wide d i s s e m i n a t i o n  t o  new s y s t e m s  and c o n c e p t s  

i n  t h i s  area,  

The p r i m a r y  o b j e c t i v e s  of  t h e  Technology U t i l i z a t i o n  program 

a r e :  (11 t o  i n c r e a s e  the  r e t u r n  on t h e  n a t i o n a l  ~ n v e s t r r e n t  1 n  

a e r o s p a c e  research and development b y  encourag ing  addl  t i o n a l  u s e s  

o f  t h e  knowledge g a i n e d  i n  t h o s e  programs.  ( 2 )  t o  s h o r t e n  t h e  

t i m e  g a p  b e t w e e n  t h e  d i s c o v e r y  of new knowledge and i t s  e f f e c t i v e  

u s e  i n  t h e  m a r k e t p l a c e ;  ( 3 )  t o  a i d  t h e  movement of  n e w  knowledge 

dcross  ~ r l d u s t r y ,  d i s c i p l i n a r y .  and reg!.onal b o u n d a r i e s ;  ( 4 )  t o  

c o i l t r i b u t e  t o  t h e  knowledge of- b e t t e r  m e a n s  of t r a n s f e r r i n g  

t e c h n o l c q y  from its p o i n t s  of o r i g i n  t o  i t s  p o i n t s  o f  p o t e n t i a l  

u s e .  
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RESOURCES R E O U I R E D :  

(Thousands of  D o l l a r s )  
1968 1969 1970 

I d e n t i f i c a t i o n  and p u b l i c a t i o n  $ 1 , 5 0 0  $1,600 $1 700 
E v a l u a t i o n  e . I . . - 700 800 950 
Di s semina t ion .  e . e . . . 1 , 6 0 0  1 , 4 0 0  2 350 

T o t a l  . e . e $4 ,000  $3 ,800  $ 5 , 0 0 0  

--- --- A n a l y s i s  e . . e . 200 

WHY FUNDS REQUIRED: 

I d e n t i f i c a t i o n  and P u b l i c a t i o n  ($1,700,0001 

Technology U t i l i z a t i o n  O f f i c e r s  a t  NASA f i e l d  i n s t a l l a t i o n s  

and s p e c i a l i s t s  from u n i v e r s i t i e s ,  research i n s t i t u t e s  and p r i -  

v a t e  i n d u s t r y  search th rough  selected areas of  s c i e n t i f i c  and 

t e c h n i c a l  endeavor ,  and i d e n t i f y  and document t h o s e  i n v e n t i o n s ,  

i n n o v a t i o n s ,  improvements ,  and d i s c o v e r i e s  t h a t  have  p o t e n t i a l  

u t i l i t y  t o  t h e  nonae rospace  s e c t o r  o f  t h e  economy. Continued 

i n c r e a s e d  emphasis  i s  placed on t h e  i d e n t i f i c a t i o n  and r e p o r t i n g  

of  new t echno logy  by NASA c o n t r a c t o r s .  

E v a l u a t i o n  ($950 ,000)  

P e r s o n n e l  a t  NASA i n s t a l l a t i o n s  and research i n s t i t u t e s  

e v a l u a t e  t h e  new t echno loqy  s o  I d e n t i f i e d ,  d e t e r m l n e  I ts  n o v e l t y ,  

s i g n i f i c a n c e  and p o t e n t  l a1  ncnae rospace  i n d u s t r i a l  a p p l i c a t i o n  

and u t i l i t y  and p r e p a r e  r e p o r t s  which are p u b l i s h e d  and made 

a v a i l a b l e  t o  t h e  s c i e n t i f  ~ c ,  i n d u s t r i a l  and academic communit ies .  

I n  a d d i t i o n ,  NASA p e r s o n n e l  and research i n s t i t u t e  p e r s o n n e l  are 

c o n t i n u a l l y  e v a l u a t i n g  t echno logy  t r a n s f e r  mechanisms and f e e d i n g  

t h e  new knowledge back i n t o  t h e  Technology U t i l i z a t i o n  program. 

D i s s e m i n a t i o n  ( $ 2 , 3 5 0 , 0 0 0 )  
I 

T h i s  program e lemen t  i s  accomplished by the  employment of 
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regional dissemination centers that store, retrieve and interpret, 
the new technology developed by NASA for local Industry. Blo- 
medical application teams are also employed to asslst researchers 
in defining and solving medical problems by adaptation of NASA 
technology- In addl tion, Government developed computer software 
is evaluated and disseminated t.o industry Cooperative programs 
are underway with several other agencies such as the Bureau of 
Reclamation, Law Enforcement Assistance Administration? Social. 
Rehabilitation Service of HEW, Small Business Administration, 
Atomic Energy Commission and others to disseminate applicable 
new technology developed by NASA, 
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